The Arrowhead Torus : a Cayley Graph on the 6-valent Grid by Désérable, Dominique
HAL Id: inria-00073878
https://hal.inria.fr/inria-00073878
Submitted on 24 May 2006
HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.
L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.
The Arrowhead Torus : a Cayley Graph on the 6-valent
Grid
Dominique Désérable
To cite this version:
Dominique Désérable. The Arrowhead Torus : a Cayley Graph on the 6-valent Grid. [Research Report]









ap por t  
de  r ech er ch e 
INSTITUT NATIONAL DE RECHERCHE EN INFORMATIQUE ET EN AUTOMATIQUE












P Q@RSUT6SV$WYXZSU[\S#]I^2_`SUa[\bc[da RSeT6SU[f<gdh#i SUa j f<k
X]ml2l hng a o2S g SUp Q S g p Q Srq)sGtnu2VUvWxw"] g [)Vzy{yn|}WYtKV}l~]InSU[
,ezI~InP Q S] gdg\hI Q S#]Io`a hng ^2[\[ ]) g\h ]mo2p#]I[\a g ]ml Q a Q ]Ia  S}o2S~q2S h q`a Q S>{]ISUqca	 g o
]m[] ]zbcSUb6 g ]Il QE S h{g\gdhI a Q SadS g T gdh Tw]mq2o2SU g\h a  Q2h  ^~]m¡8SU[qa Q ]ma  ]zb h q2S h 
a Q S¢cS g l2q2[d£c>¤ [}¥]mT h ^K[ g ]Ipea]Ip h q2[\a g ^2pUad h q2[ *P Q S*>{]ISUqca} g o§¦©¨«ª>¬<­~®)¯}[{SUqKS g ]madSUo
cba Q2g SUS}¥]mT6SU[ h 	[\a g ]m Q a °qKSU[  S±]mo h lKaa Q S)[ h a gdh l2p hng SUqca]mad h q²§³´¶µ2´®·³²¸¹µ
´*¸&³º²<®»]mq2o¶o2S~qKSa Q S`[dbc[da\SUT h  {SUq2S g ]Ia h{g [¼²C¨¾½I¿IÀI­2¿zÁ{­8¿UÂnÃ  Q2h [\S6SUSUT`SUqcad[)] g Sa Q S
a Q2g SUS g SU[dl8SUpUa\°nS)a g ]Iq2[\Ä]Iad h q2[ 0P Q ST^K°a\l2°pz]Iad h q h q6²*o2S~qKSU[]} g\h ^2l6]mpUadq2 h qa Q SnS g a\pUSU[
h 	¬  a Q ]~]I[\p [dSUa h  g SUÄ]Ia\ h q2[ EP Q SÅ{ÆUÆ\Ç{ÈEÉKÊÅ{Ë [	a Q S} g ]ml Qh M]~q2adS$ gdh ^2l{Seq2S g ]madSUocb
[\^2l~S g T6l h [\°qK6]pUbcpU°p g SUÄ]Ia\ h q` h{g Sz]Ip Q o2 g SepUad h q  P Q S] gdgdhI Q S#]IoqcadS g p h q2qKSUpUad h qÌq2Sea hng £
Q ]m[[dSUnS g ]mT`l hng a]mqca¼]mo2{]Iqca]m{SU[ Ík a Q ]I[]¶ h ^2qKo2SUoÎ{]m°Seq2pUS¶]I[]* g oÏ]mq2oÎa Q S Q  Q SU[da
]m° hI SUo{]ISUq2peS} h{g ]`t{Ð g SUn^2Ä] g  g o  j[}] ]zbc°Seb6 g ]Il Q µ2a]m° hI [ g SUpe^ g [\°nSp h qK[da g ^2pUa\ h q2[
]mq2o¶o2c°oKSÑ]mq2oc>p h q   ^KS g [dp Q SeT6SU[ h{g °qÒ h{g T]Ia\ h qo2[d[\SUT6q~]mad h qEµÓ°a°[]I[ h {S g adSe_{>a g ]Iq2[\ad{S
Q Seq2pUS]I gdh ^2adS g [  @~S Q ]z{S)q][dT6Ä] g	 ]zb MÔKgdh TÕp h q2[da g ^2pead h qa  Ö]ml2l8S#] g ~q~]Ib6]I[]
 hGh o Q2h [da hng SUT~Seo2o2q2)[\^2c{]ISUqca a h l h  h {SU[°£nSa Q S)^2[\^~]I@ g o 





Unité de recherche INRIA Rennes
IRISA, Campus universitaire de Beaulieu, 35042 RENNES Cedex (France)
Téléphone : (33) 99 84 71 00 – Télécopie : (33) 99 84 71 71
   -
	©+  <$-<-	&r+	)(  º !#$. !#
3I!I!#  0/21)!#+-	
	ØÒ
Ø6 S a h{g S o2aMSeq§d[]InSUada\SU6ª h ^SUq2p hng S`dSUql h qcadS>o2S RSUp Q SeG¯SU[da	^Kq g ]ml Q S o2S oK@^c
[\ h q   ^2S}>¤ h qo ZS8q2a [d^ g Ä]} g °S)¥{]mSUqcadSp h T6T`S g ]ml Q S}o2S ]zbcSUb  S}adS g T6SSe[da SUT`l g ^2qca2ZSR]w]mq2o2SU g\h a   ^2   ^~]I ~S)oKSpUSeadadS,¥]p h q>¤ ^2q2So2SU[)p@ZSU RSU g Se[p h q2[da g ^2pead h q2[± g ]mpUa]m°Se[oKS6¢cS g 
l2q2[\£c  ]$ g °S}>{]ISUqca\S ¦¾¨ÍªÑ¬M­8®)¯<SU[\aSUqK{SUq2o g ZSUS$l~] g a gdh °[¥]IT`° SU[Eo2S o gdh a\SU[  q6]Io h l2a\S
>¤ h{g °SeqGa]Ia\ h q°[ h a gdh l8S²³©´¶µ@´®³©²¸¹µ@´*¸x³©²<®rSUa h qo ZS~q2aS)[\bc[da RSeT6So2S)	ZSeq ZS g ] 
a\SU^ g [)²¶¨·½I¿IÀI­2¿#Án­2¿eÂcÃ)o h qca SU[ZSUzZSUT`SUqcad[[ h qca SU[a gdh °[ a g ]mq2[dÄ]Ia\ h q2[ g SU[dl8SUpUa\°nSU[  ]T^K°a\l2¡
p#]mad h q`[d^ g ²*o ZS~q2a ^2q` gdh ^2l8S h l ZS g ]mqGa [\^ g °Se[ [ h T`T6SUa\[<o2S)¬Í[dSe h q6^2q`SUq2[\SUT2So2S g SUÄ]mad h q2[
o2S~]m[dS  ]UÅnÊ;ÊSU[daS` g ]ml Q S`oE¤ ^2q¶ g\h ^2l8S~qKSUqK{SUq2o g ZSSUq [d^ g T6l h []mqca^Kq2S g SUÄ]Iad h q
pUbcpU   ^2S[d^ g p Q ]   ^2So2 g SepUad h q  S g ZSU[dS#]m^¶oE¤ qGa\S g p h q2q2Se_G h qSUq*[]InSUada\S¼]`l2^2[\SU^ g [)]z{]mqGa]InSU[
T6l h{g a]mqGa\[  qa]mqGa   ^2S} g °S{µc8SU[da$o2S}{]ISUq2pUS} h{g q ZSUS{µK ]l2^2[ Q ]m^2adS}{]m°Seq2pUS}l h [d[\°K°S}l h ^ g
^2qKS) g °StnÐ g ZSU{^2 RS g S   q"a]Iqca   ^2S} g ]Il Q S)o2S) ]zbc°SebGµc@SU[\a g ZSepU^ g [\{SUT`SUqcap h q2[da g ^2pUa\2S)SUa
]m^2a hng [dS`o2SU[)[\p Q ZSUT]m[)o2S6a>bcl8So2c°[\S g >p h q   ^ ZS g  g l h ^ g Ä]`o2[d[2ZSUT6q~]mad h qo0¤ qc h{g T]Ia\ h qEµ2	Se[da
o2Sl2^2[[ h T6T`SUa>>a g ]Iq2[\°a\ SUaa h ^2[°Se[ g\h ^2a\SU^ g [`[dSp h T6l h{g a\S gdh qca]Iq2[\o2SÄ]T"!SUT6ST]mq2 RS g S f ] g p h q2[da g ^2pUa\ h qEµc~]ml2l~] g ]Ia g ]$~q~]mSUT6SUqca<p h T6T6S^2q Q !h adS}]Il2a\S]I^lK h q2{SeT6SUqca<o2Sa h l h  h nSU[
[\^2c{]ISUqcadSU[$p h T`T6SÄ] g S ^2[d^KSU°S 
#CÜ8 Ú%$&Ø*»g ZSU[dSz]I^2_oE¤ qcadS g p h q2qKSU_c h qEµc g ]Il Q SU[o2S) ]zbcSUbcµc g S Q Se_Ò]z{]mSUqcadS 
  ÉKÊ}ÆUÆ\Ç{ÈEÉKÊÅ{Ë   Ç{Æ Å	Å
	Ê	 ÆdÅÒÉ"Ç




P Q Sp Q2h °peS h qcadS g p h q2q2SUpUa\ h qq2SUa h{g £¶a h l h  h {SU[ g SUT]m°qK[]p g °a\p#]I [\^2 i SUpUaq¶a Q So2SU[dnq
h ±S6pUSUqcao2[da g 2^2adSeo T`SUT hng b*l~] g ]ISUp h T`l2^2adS g [  w h [da h }a Q Sl8S g  hng T]Iq2pUST6a]mad h q2[
] g So2^2Sa h a Q Sl8S g  hng T]Iq2pUS h 	a Q Sp h T`T^2q2p#]mad h q6[\bG[\adSUT   Sea  SUSeq¶SU_ca g SeT6Sp#]I[\SU[}[d^2p Q ]I[
 S#]I£cb¶p h q2q2SUpUa\SUoÎpU g pU^2Ä] gg q2n[ hng [\a gdh q2{b¶p h q2q2SUpeadSUoÎp h T6lK°SeadS6qKSUa hng £c[#µ][ h ^2a\ h q  °
g SU[d^2a g\h T ]"p h T`l gdh T6[dS)q h{g oKS g a h []Ia\°[Ñ;bcµM]m[a  ]m[T`SUqcad h q2SeoÌcb"![$#Vzt&%Ñµ	]"[dSea h 
[ h T6SeadT6SU[}q2p h T6l~]mad2S g S   ^2 g SeT6SUqcad[('[dT]I<o2SU g SUS]Iq2o [dT]I<o2Ä]IT6SeadS g µE h ^2qKo2SUoo2SU g SUS
]mq2o6SU_cl~]mq2o~]m2°a>bcµe¥]I^2a	a h S g ]Iqca	p h q2q2SUpUa\Ga>b6]mq2o6S)6pe°SeqGaÄ]zb h ^2a#µ{]mq2o[ h  hng a Q0 w hng S h nS g °a
[ Q2h ^2o`~S h  h cc h ^2[	qcadS g SU[\a  hng a Q S gdh ^Kadq2[dbc[da\SUTÕa Q ]Iaa Q Sa h l h  h nbT]zb)l g\h Go2S$[dbcT6T`S
a g p#]I0[dp Q SUT`SU[  h{g { h ~]m@p h T`T^2q2 p#]Ia\ h q2[  jÍ[dbcT6T`SUa g °pz]I2[\p Q SUT6S)T`S#]IqK[a Q ]Ia]m°@q h oKSU[  °
8S Q ]znSq¼]$[\°T` ] g@ ]zb]Iq2o g\h T·a Q [<¥]mpUa  °8] g [\S]T]I_cT^KTÎ[dT6lK°pUa>b}qa Q S o2SU[\{q6]IqKo
l g\h pUSU[d[\q2 h a Q S)[dbc[\adSUT«p h T`T^2q2p#]Ia\ h q£{S g q2SU  w h{g Sl g SUpe°[\SUbGµ8[\bGT`T6SUa g bqa Q S)a h l h  h {b
T`S#]Iq2[$a Q ]ma}a Q S g SUl g SU[\SUqca]Ia\{S6 g ]ml Q [}l gdh co2SUo  a Q ]Iq¶]I{Se g ]m°p gdh ^2l[\a g ^KpUad^ g S]m[a$°[
a Q S6p#]m[dS, h{g a Q S Q bcl~S g pU^28S]Iq2o¶[ h T6S h a Q S g >]IT6SU[ h   ]zbcSUb g ]ml Q [#°V*% `P Q S Q bcl~S g pU^28S
a Q S g Se°q¶]IlKl~S#] g SUo¶]I[}]l g\h T`°[\q2a h l h  h nbqa Q Sl~]I[\aoKSUp#]IoKSq]Io2oK°a\ h qa h °a\[l g\h l8S g a>b h 
T`°qK°T^KT gdh ]Io2pz]I[da g ]Il Q #V+&% -, qÒ h{g ad^2q~]madSUbcµEoKSU g SUS6q2p g S#]I[\SU[  a Q [\/.eS{µ<a Q ]ma) g °qK{[ h q
h q2Sa gdh ^K2SU[ h T6S Q ] g o  ] g So g ]  ~]Ip£  °a Qg SU[\l~SepUaa h a Q S$SU_cl~]IqKo~]I2a>b g S   ^K g SUT6SeqGa  qa Q S
p h qca g ] g bcµ2a Q ]Ia [q h a a Q S)p#]I[\S} hng a Q S) g oEµcq hng  h{g a Q S)a h{g ^K[#µ2a\[{S g adSe_{>a g ]Iq2[\ad{S)Se_Ga\SUq2[\ h q 
P Q ]ma<;S#]mad^ g S {{Se[] g SUq2S  ]m h ÖqcadS g SU[daa h a Q []mq2pUSUqca	a h l h  h nb  Q p QQ ]mo8SUSUq`a Q S g [da h qKS
a h 8Sl g\h l h [\SUo h{g l~] g ]ISU0p h T`l2^2adS g [0#ðt21&%]IqKoEµ8°q[\l2adS h ] g ]Ia Q S g  ] g nSoK ]mT6SUa\S g µ g SUa\^ g qK[
^2lÒ¥a h >o~]Ia\S#°V3&% @P Q S] gdg\hI Q S#]Ioa hng ^2[\)[<l gdh l h [dSUo Q S g S]I[]a g ]mo2S h 6cb  Q p Q S ]Ia\adSUT`l2a#µ
 Q S g S   ^2 g q26a Q S Q  Q SU[\a}l h [d[d2S)SUnSU h 	[dbcT`T6SUa g bcµca h p h T2q2S} h a Q [dT`l2°pe°a>b h  g o2[
]mq2o g SUn^2Ä] g a>b h  ]zbcSUb g ]Il Q [ 
 S, h pU^2[ g [da h q ]"p#]Ia\SU hng b h qc~qK°a\S6a h >o2T6SUqK[d h q~]m	 g o2[#µq~]IT`SUbÌa Q SÉ2Ê)4{Å2#Å°Ê 
 g o P Q S,~q2adSp#]m[dS`°[a Q SUq p#] g\g SUo h ^2a)cb¶]Iq§]mo2S   ^~]Ia\S6p h q2[da g ^2pead h q h {S g adSe_{>a g ]Iq2[\ad{S
a h{g ^K[ P Q S^2[d^~]m} h{g a Q2h  h q~]I g oÌq  Q p Q ]{S g adSe_ Q ]m[$ h ^ g q2SU Q  h ^ g [ªÄ  S 5 768:9;
<¯
[q h a^2q2   ^2S ¶k ap#]mq 8S6[ Q2hI qa Q ]maa Q S g SSe_G[\aSU_2]IpUa\°b¶a Q2g SeSa>bcl8SU[ h  g SUn^2Ä] g t{Ðr g °oK[#µ
p Q ] g ]IpeadS g /.eSUo¶cb6a Q SU g zÅ=°Ê8>Êª;]p g bG[\a]m° h  g ]ml Q p}adS g T»]I[ h ^K[dSUo" h{g g SU{^K ] g  g ]Il Q [¯'a Q ^2[
] g SUn^2Ä] g  g °o`p#]Iq`~S$SUa Q S g ? >{]ISUqcaªÄ£{S q]}~SeS Q {S#¯eµA@ ¥{]m°SeqGa$ªÄa Q S^K[d^~]m~ g o~¯ h{g >{]ISUqca
ª  h{g0h ^ g l g\h l h []mÄ¯ @P Q S g Sz]Io2S g [ g S;S g\g SUoa h #ðu%n h{g ] 8SUada\S g ^2qKo2S g [\a]mq2o2q2 h 2a Q Sa\S g T`°q h  h nb 
B$h adS`a Q ]ma} hng ]{>{]ISUqca} g oEµ0a Q S Q  Q SU[da)[\bcT6T6Sea g b[ h 2a]m°qKSUo  Q SUqDC¶¨|"E g SUpz]Ia Q ]Ia
[\bGT`T6SUa g b[]IqT6l h{g a]Iqca g S   ^2 g SUT`SUqca h{g qGa\S g p h q2q2SepUad h q"q2SUa h{g £c[zµ~]I[ T`SUqcad h qKSUo]m h nS 
 q2peSa Q S{]m°Seq2pUSFC Q ]I[`~SeSUq~_cSUoEµa Q S g S*] g S"[dSUnS g ]m  ]zbG[ h [\/.e°qK§]~qK°a\S g o ]IqKo
a Q SUq¶a Q S g S] g S[\SU{S g ]I  ]zbc[}a h g ]ml¶a Q S g oÌ]m[]G{>{]ISUqcaa h{g ^K[ 6ÔKh{g SU_2]IT`l2S{µ@]@z>{]ISUqca
a h{g ^K[pz]Iq8S g SepUa]mq2{^2Ä] ghng [   ^8] g S  °a Q ]Iq h{g a Q2h  h q~]m  g ]ml~] g\h ^2q2o*]I[^K[d^~]mMK^2a]mqGb h a Q S g
NÆdÅ2  :H#Ê] gdg ]Iq2nSUT6SeqGa°[l h [d[\2S]I[  SU}ªÄp h T6T h q2bcµ~a Q S g SUpUa]Iq2n^2Ä] g p#]I[\S[)£cq hI q§]m[¼]
l g\h o2^2pUa h pUbcpUSU[DIKJ=L0MNIKJO"]Iq2o  Q SUqQPKÀÌ¨RPcÁ¶¨SPUT a Q ST h [da[\bcT6T6Sea g pp#]m[dST§a Q S
[   ^8] g S[ h ;a\SUqÌcS  SUo¶]I[)]FPnd] g bDVz>pU^28SD# 3&%;¯  SUa}^2[}o2S8q2S6]¶\l h °b h T`°q h ]m[±],p h qKq2SUpUa\SUo
[\SUa h [   ^~] g SpUSU[6]IqKo§p#]m°\l gdh a h adSUÌa Q Sl h b h T`q h p h {S g q2Ì[ h T`S~q2a\S@z>{]ISUqca g °o '
a Q Sa\S g T©\a g ]Iq2[\°a\{SU`T6S g SUb6T6Sz]Iq2[ a Q ]Ia$a Q S)l gdh a h a\°S)T^K[da p h nS g a Q S  QKh S)l2Ä]IqKS  a Q2h ^2a
c]Il2[ h{gh {S g Ä]Il2[ " Sea^2[q hI oKS~q2S]\l h °b Q Se_GSe ]m[¼]p h q2q2SepUadSUo [dSUa h  Q Se_Ò]m h q~]IpUSU[WE
[\°T` ] g bcµ#[\SU{S g ]I  ]zbc[ ] g Sl h [\[d2Sa h o2S~qKS±]l g\h a h adS h q6a Q S¼¥{]mSUqca g oEµnp h T`l h [dSUo`q hI
 ¾ìYXZ)[=\ 
v  )Ç  8cÊ ÊÊ#Æ\Å	&°Ê
h Ml h b Q SU_cSU[ q2[da\S#]Io h Ml h b h T6q h SU[#µn]Iq2o`a h g ]ml6a Q S}SUq2pU h [\SUo g o]m[ ]`>{]ISUqcaa h{g ^2[ 	ÔKh{g
o2Sea]I[)]I h ^2al h °b h T`°q h Se[]Iq2o*l h b Q SU_cSU[]IqKo hng ] g SUSU{]Iqca}a Q S h{g b h  a\°q28µ~a Q S g Sz]Io2S g °[g S;S g\g SUo¶a h #°V1&%]mq2o g S;S g Seq2pUSU[)a Q S g SUq k a [ hng a Q T`SUqcad h q2q2a Q S}¥]IT`°b] g [dq2°q"{] g  h ^2[
[\^2pUpUSU[\[d{Sl g\h#i SUpUa\[' Ô j k w`UV0# +&% hng w]zb ~b#ð|%dµc]Iq2o-!jX P ¢# &% Eca Q Sa h l h  h nb[ ]ÉKÊ 4nÅnÇ
KÅ=
 g o¶T]mo2S)^2l h  p h q2pUSUqca g p g °qK{[)] g\h ^2q2o¶a Q SpUSUqca gdh o§]mq2oÌa Q S  g ]ml~] g\h ^2qKo¶[dp Q SUT`S g SU[\^2ad[
 g\h T¾][d£nS  SeoT]I[\bGT`T6SUa g pKT6adq2 h a Q S)l2Ä]mq2SªÄ[dSeSF# +%;¯  j$[ ¥] g ]I[  S±] g S)p h q2pUS g q2SUo0µ h ^ g
l g\h l h []I<o2S#]m°[  a Q ] g SUpU^ g [d{SUb[\p#]IÄ]m2S)a hng ^2[$l gdh co2SUo  a Q ][\SU Ä¥[\T6Ä] g ;Sz]Iad^ g S  ¢ h µKq
hng o2S g a h ]z h o)p h qc;^2[\ h q  a Qh a Q S g	Q SU_2]z{]m°SeqGa0a h l h  h {SU[zµ ]mq]IpepU^ g ]madS]ml2l~Se°Ä]mad h q}[<q2SUSUo2Seo0' Sp Q2hch [dS q)a Q S[\S   ^2SU8a h q~]IT`S<a Q [<l~SepU^2Ä] g<h q2S ]z>{]ISUqcaM] gdg\hI Q S#]Ioa hng ^2[\~µ hng ÅnÆUÆdÇnÈEÉ2ÊÅ{Ë
 hng [ Q2hng a P Q S g Sz]I[ h q¶[ Q ° Q  Q adSUo"°q Ô   3  S h{g\gdhI a Q SadS g T» gdh T»w"]Iq2o2Se° gdh a  Q2h
  ^~]m° ~Se[ °q`a Q ]ma  ]zb h q2S h Ma Q S±¢Ò°S g l2q2[\£G>¤ [¥]mT h ^K[< g ]mpUa]m@p h qK[da g ^2pUa\ h q2[ #VUv% 
P Q S ] gdgdhI Q S#]Io[Ma Q S  g ]Il Qh @]oK°[\p g SeadS gdh ^2lnSUq2S g ]Ia\SUo gdh T ]mq]I2[\a g ]IpUa	oKS~q2ad h qT h{g
\l g SU[\SUqca]mad h q2 Tp h T6l h [\SUo h M]$8q2adS[\SUa h  g Se ]mad h qK[ 0P Q Sqc~qK°a\S)>{]ISUqca< g °o[{SUqKS g ]madSUo
cba Q2g SUS}¥]mT6SU[ h 	[\a g ]m Q a °qKSU[  S)]Io h l2a a Q SF UÇ NÆdÇ  > hng SUqca]mad h q²¶³´ µ~´®·³²¸¹µ
´*¸&³º²<®»]mq2o¶o2S~qKSa Q S`[dbc[da\SUT h  {SUq2S g ]Ia h{g [¼²C¨¾½I¿IÀI­2¿zÁ{­8¿UÂnÃ  Q2h [\S6SUSUT`SUqcad[)] g Sa Q S
a Q2g SUS g SU[dl8SUpUa\°nS)a g ]Iq2[\Ä]Iad h q2[ 0P Q ST^K°a\l2°pz]Iad h q h q6²*o2S~qKSU[]} g\h ^2l6]mpUadq2 h qa Q SnS g a\pUSU[
h a Q S) g o]IpUp hng o2q2a h a Q Sl g SU[\SUqca]mad h q k q h{g o2S g a h {Seq2S g ]madS]~q2adS}a h{g ^K[ h qa Q S)qc~q2a\S
 g o  S SUq2Ä] g {S$a Q S}l g SU[dSUqca]Iad h q6cbT`l h [dq2)]}pUbcpUp g SUÄ]Iad h q h{g Sz]Ip Q o2 g SUpUa\ h q 0k [ h a gdh lcb°[
p#] gdg °Seo h ^2a	cb6]IlKl2bGq2}a Q S[]IT6S g SUÄ]Ia\ h q h{g ]IqcbnSUq2S g ]Ia h{g h M² <P Q S${SUqKS g ]mad h q  °c h  hI
] g SUpU^ g [d{S[dp Q SUT`S '<a Q S)[\T]m°SU[\a	q h qc¥a g cÄ]I@pUbcpUp} gdh ^2l Q ]I[ hng o2S g t2µc[ h S}o2SepUo2S)a h [\a] g a
a Q S)l g\h peSU[d[}q[d^2p Q ]  ]zb6a Q ]Ia a Q S)q2S Íg SUÄ]Ia\ h q{SUq2S g ]Ia\SU[}^2q2o2 g SepUad h q8]I@pUbcpUSU[ h <SUq2{a Q t2µ
a Q SUqT6S g SUb}o h ^K2SU[<a Q SU g SUq2na Q ]IaESz]Ip Q [da\SUl <P Q S g ]Il Qh ~a Q S gdh ^2l°[<^2[\^~]Ib}£cq hI q]I[<ad[
	Å2	°Ê	Ë
ÄÅ {Æ\Å <k a[]p h  h ^ g SUoo2 g ]Il Q` a Qh q2S$p h  h ^ g l~S g {SUq2S g ]Ia h{gz	 S g S   ^2 g S}N^ g a Q S g
a Q ]Ia²*8S}pU h [dSeo^Kq2o2S g qc{S g [dSU[]mq2o6oKS~q2S}a Q S] g\gdhI Q Sz]Io]I[a Q S$q h qÒ hng SUqcadSUonS g [\ h q h Ea Q S
o2 g ]Il QEEk q`a Q S$[dS   ^2Se¥µca Q S}o2 g ]Il Q 28So2SUq h adSeocb
<]Iq2o`a Q S$q h qc h{g SUqcadSUo] gdg\hI Q S#]mo
cb  ¨·ª>¬  ­®  ¯ 
k a Q ]I[~SeSUq§l h qcadSUo h ^2aa Q ]maa Q S] gdgdhI Q S#]Io g SU[d^2a\[ gdh T ]mq  UÇ NÆdÇ  >}p h qc~n^ g ]mad h q h 
a Q S[\SUa h @{SUqKS g ]ma h{g [  X SUnS g [\°qK¼]mqGb{Seq2S g ]ma hngh ^2obc°Se°o6]G2Ç
  Ç ;Æ\Ç)  >#µno2Ä]IT h q2oÒ¥[ Q ]Il8SUo
nS g [\ h q h )>{]ISUqca}a hng ^2[ 6P Q SË2ÄÅÇ
KË6[)pU h [dSUb g SUÄ]IadSeo§a h ]T h{g S)^2[d^8]I°qca\S g p h q2q2SUpead h q
a h l h  h nbGµKa Q S Pnd] g bDV ¥pU^K~S# 3&%]mq2oÌ]ml2l~Sz] g [)]m[][\£{S  SUo"Pnd] g bDV ¥pU^K~S  a Q ],l~SUpe^2 ] g {]I^2S
h  P]IqKo h q  Q p Q ])o2Ä]m h q8]I2o2 g SUpUad h q h Eq2£c[ Q ]m[8SUSUq]mo2o2SUo  B SU{S g a Q SUSU[d[  SpUÄ]IT·a Q ]ma#µ
cbp h q2[da g ^2pead h qEµ0] gdg\hI Q S#]mo ]mq2oo2Ä]IT h q2o`~Se h q26a h ][]mT6S}>]IT6b]Iq2oEµ8T h{g S h {S g µ~a Q S¥]IpUa
a Q ]Iaa Q SUb ] g S`°[ h T h{g l Q p°[p h q i SUpUa\^ g Seo P Q So2Ä]IT h q2o  °8Sl g SU[\SUqcadSUoÎSe°[\S  Q S g S{µ q ]
p h T6l~]mq2 h ql~]ml~S gh <a Q Sl g SU[\SUqca h q2S 
¢ÒSUpUad h qt o2Se[dp g °8SU[	a Q S{SUq2S g ]Ia\q2}l gdh pUSU[\[ h 2a Q S ] gdg\hI Q S#]Io  Seq2S g ]mcp h qc{SeqGa\ h q2[<] g S g [da
[\SUa	^2l h qa Q S qc8q2adS}>{]ISUqcaE g o @ S ]Iq~]mbG[\Sa Q S g SUpU^ g [dnS{Seq2S g ]mad h q h 
@]IqKoa Q S p#]I[\SU[
¨·V	]Iq2o`¨Ït$] g S	SUT6l Q ]I[\/.eSUo)8S h{g S	o2S#]m°qK  °a Q a Q S	{SUqKS g ]mGpz]I[dS  j§o2S8q2ad h q h 8a Q S	q h qc
hng SUqcadSUo`{S g [d h q[	[d[\^2SUo6]zNadS g\ ] g o2[]mq2o6] Q SU_2]I h q~]m g Sel g SU[\SUqca]mad h q h @a Q S] gdgdhI Q S#]Io[]m°[ h
o2[\l2Ä]zb{SUo  ¢cSepUad h q SU_ Q 2ad[ [ h T6S}~]m[dp}l gdh l~S g adSU[ g SeG] g o2q26nS g a\pUSU[#µ8SUoK{SU[)]IqKooK ]mT6SUa\S g#
k ql~] g adpU^K ] g µ	] g SUpe^ g [\°nSÄ]I8SU°qK[dp Q SUT`S6a h o2S~q2S*¬  ]I[  SU ]m[¼] g SepU^ g [\{Sp h q2q2SUpeadq2
[\p Q SUT6Sa h oKS~q2S6®  ] g S g Se°Se{]Iqca  ¢cSUpead h q¶vp h q2pU^2o2SU[^2l h q ] l g SU[\^2T6SeoÌnS g []Iada>b h a Q S
] gdgdhI Q S#]Io]mq2o)[\^2{nSU[da\[Ma Q ]Ia<]T hng S<p h T`l2SUadS[dad^Ko2b h 2ad[Ea h l h  h np#]IIl g\h l8S g a\SU[ Q ]z{S	a Q S g SUcb
ëÄò EëÄú
  ÉKÊ}ÆUÆ\Ç{ÈEÉKÊÅ{Ë   Ç{Æ Å	Å
	Ê	 ÆdÅÒÉ"Ç
°ÉKÊ#Å°Ê  ÆÄË 3
a h 8Sl2^ g [d^KSUo )ÔKh{g ] g SUSU{]mqca~]mp£c gdh ^Kq2oÌ]I h ^Ka]IK[da g ]IpUao2S~q2a\ h q2[ h 	 gdh ^2l2[)]IqKo g ]Il Q [
h M g\h ^2lK[ a Q S g Sz]Io2S g pz]Iq g SNS g a h # v~µcy2µ@Vcµ@Vz|2µ2tcµ@VnV)%  jCadq2)l~] g ]mo2{T  °8[ h T6SUa\T6SU[ Q SUl
a Q Sl g\h l h []I8[dq2pUS a Q S g S$SU_c[dad[ ]}pU h [dS g Se ]mad h qK[ Q l8SUa  SeSUq]}a h{g ^2[]IqKo6]l8S g  h o2p$ad°qK Ena Q S
g S#]Io2S g 8~q2oa Q S g S   ^2 g SUoT]Ia\S g Ä]I8q #V1Kµ@V#y&%	]Iq2o # u % 
  %+}	}-3I+  -)		
$})
 S$ g [da [dSea^2l{Seq2S g ]mET`SUa g °p$p h qcnSUqcad h q2[ a Q ]Ia oKS~q2S)a Q S}qc~q2adSª\>{]ISUqca¯Ä]Iada\pUSq[ h T6S
p h qc{SUq2SUqca0p hch{g oK°q8]IadS[dbc[da\SUT¹]Iq2o}n°nS<a Q S	q2oK^2pUSUo ]zbcSUb g SUl g SU[dSeqGa]Ia\ h qq}adS g T6[ h ~]I2[\a g ]mpUa
o2S~q2ad h q h M] gdh ^2l 0P Q SUqEµKq h{g o2S g a h {SUq2S g ]Ia\S]a h{g ^2[#µ  S$SUq2Ä] g {S}a Q Sl g SUc h ^2[ oKS~q2ad h q





j$°a Q2h ^K Q a Q Sp h q2[da g ^2pUa\ h q Q ]I[]}p h T2q~]ma h{g Ä]I{q8]Iad^ g S{µca Q S] gdgdhI Q S#]Io6] g [dSU[ g\h T ]±T6SUa g p#]I
o2S~q2ad h q h 	a Q S ]mada\°peS   S)]Io h l2aa Q S hng SUqca]mad h q !#"$&%
"$&%'(%)!*) ]I[[ Q2hI qq Ô °  V 
P Q SÄ]madadpUS¦ ¨¾ªÑ¬M­8®)¯Uµ@p h T6l h [\SUo h ]6[\SUa¬ h  {S g adpUSU[]Iq2o¶]`[dSUa® h  SUo2nSU[)p h q2q2SUpeadq2
l~]m g [ h  nS g a\°peSU[#µ°[}nSUq2S g ]IadSeo§cbÌa Q2g SeS¥]mT6¡SU[ h  [da g ]I Q a)q2SU[  a Q¶g SU[dl8SUpUa\{S6oK g SUpUa\ h q2[
,+-%@µ%
".+/*) ]Iq2o%)+0#" cÔ2hng ] g Sz]I[ h q h E[dbcT`T6SUa g bcµ  S$l gdh co2S$a Q S  ^2pe°o2Sz]Iq6lK ]mq2S  a Q
] Q SU_2]I h q~]I<p hchng o2q~]madS[dbc[\adSUT©ªU*! ¢cc¯  a Q a Q Sl h qca1
121Ìª q~]IT`SUo21)¯}]I[)a Q S h{g °nq ª [dSUS
#ðu%0 h{g o2SUa]IÄ¯ 43 S g adpUSU[] g S)Ä]m~SUSUo  a Q q2oK°peSU[ª!5@ÀI­5~Án­5KÂ ¯ °qa Q S0!} ¢-Ta Q S)~] gh nS g ]mq
qcadSUnS g [ ][ Q2hng a q h a]mad h qT6Sz]Iq2q2)a Q ]Ia a[ q2SUG]mad{S T@µc[ h ¬Í[ o2S~q2SeoÌ]I[W'
¬Ï¨ ½Gª!5@À#­65~Ám­5KÂ#¯4798 8 Â '-5ÓÀ;:<58Á;:<5KÂ¨Q1ÒÃ ªdV#¯
]mq2o ®r[}[d^2p Q a Q ]Ia)]IqcbnS g a\SU_>=[}p h qKq2SUpUa\SUo§a h a Q S[d_q2SU Q  h ^ g [,=@?A À µ=@?A Á µB=@?A Â Q S g S' C
¨ÍªDA{À{­A Ám­AzÂ#¯	¨·ªdª\V{­)12­FE±Vz¯U­zª(E)V{­zV{­)1{¯e­Uª:1K­GE)Vn­UV#¯\¯ ª;t{¯
o2S~q2SU[)] ? N h o6[\bc[dadSeT h nSUq2S g ]Ia h{g [$q6a Q S! ¢*ª Ô  V  ]{¯ 
k q]Io2oK°a\ h q  S]Io h l2a ]Iq] g K°a g ] g b[ h a gdh l2p hng SUqca]mad h q hng a Q Sq2SU[zµc[]zb6²*³ ´¶µ2´®C³
²¸Y]mq2o6´*¸ ³ ²M®,µ h{g ,+-%
"2+H%)  h{g [ Q2h{g a  B$h adS a Q ]Iaa Q S g SSU_c[da ]Ia h {Sea Q S g SU Q a	l h [d[\2S
hng SUqca]mad h q2[zµ{[\l2a	^2lqca h  h a Q a>bcl8SU[#µc[]zbÌ\°[ h a gdh lK°pe¼ª [d^2p Q ]I[,+-%
"2+H%)¶]IqKo#%+0*)+0#"«cb
] gdh a]mad h q h JI@¯]Iq2oC]mq2[ h a gdh l2pUÌª [d^2p Q ]I[,,+/*)+/#" l2^2[$~nSS   ^2{]m°SeqGa}p h qc~n^ g ]mad h q2[
cbLK-IM
ªNK±¨·V{­POQORO­)3{¯ gdh a]mad h q~]m~[\bcT6T6Sea g SU[¯ 
P Q S ]m h nST`SUa g °pp h qc{SeqGa\ h q2[<S#]Ioa h ]} ]zbGSUb g SUl g Se[dSUqca]mad h q, h{g a Q S Ä]madadpUS ¦q Ô   V  
 a Q a Q S*[dSUa h nSUq2S g ]Ia h{g [¢Î¨ ½I¿ À ­2¿ Á ­~¿ Â Ã  Q2h [\SÌSUSUT`SUqcad[] g S"a Q S*a Q2g SUS*p h{g\g SU[\l h q2o2q2
a g ]IqK[dÄ]Ia\ h q2[ g Se ]madSUo"a h
C
	P Q S}T^2adl2p#]mad h q h q²§oKS~q2SU[}] g\h ^2l9S]IpUa\q2 h qa Q S)nS g a\pUSU[
h  ¬µ  °a Q a Q S)[\SUa h  g SUÄ]Iad h q2[
T QU  '2ª;¿ À ¿ Á ¿ Â ¨@Vz¯ E T XW  '2ª;¿ À ¿ Á ¿0Y ÀÀ ¿/Y ÀÁ ¨@Vz¯ ª:{¯
 Q S g S2V[6a Q So2SUqca\°a>b CP Q S g SUÄ]Iad h q T RU  T6S#]mq2[a Q ]ma6T^2a\°lK°bcq2a Q SÌa Q2g SUS*{Seq2S g ]ma hng [
q§a Q SÌÉKÊ 4nÅ
zÅ=Ê   g o bGSUo2[6]mq§SUSUT`SUqca] g b¶pUbcpUS P Q S">Ç  &NÅ NÇ{Æ T XW  Q2h °oK[  a Q ]Iqcb
 ¾ìYXZ)[=\ 
|  )Ç  8cÊ ÊÊ#Æ\Å	&°Ê
202
    −
101




















































Ô {^ g SV
'	]  P Q S Q SU_2]z{]ISUqca g o6qa Q S Q SU_2]I h q~]I@p hGhng o2q~]madS}[dbc[\adSUT
  ]zbcSUb g ]Il Qh <a Q S gdh ^2l]IpUa\q2 h qa Q S}{S g adpUSe[ h Ma Q S} g o
p h T2q~]Ia\ h q h ESUSUT6SUqca\[ h E²*~Sep#]I^2[\S SC°[]I8SU ]mq 0P Q S]m2[da g ]Ipeao2S~q2ad h q>²KE T RU ­ T  W $°[
p#]m°Seo ] @ÆdÊUÊ NÅ  ÄÇ2 h S 	k a [ pUS#] g a Q ]ma]I@SUSUT`SUqcad[ h  S  °@8S h Ma Q S} h{g TÕ¿ LÀ ¿ OÁ ¿





k q hng o2S g a h 2^2o ]a h{g ^2[#µ  Sp Q2hch [dS`a h {Seq2S g ]madS^2q2o2 g SUpUad h q~]I	pebGpe°Se[ h  SUq2na Q t  µ<[ h S
T6l h [\Sq hI ]q2S  [dSea h 	pUbcpUp g SUÄ]Ia\ h q2[ T  o2S~qKSUocb
T  '2ªN¿ ÁÀ ¨Ï¿ ÁÁ ¨C¿ ÁÂ ¨@Vz¯ ªÄvG¯
]mq2oa Q S)l g SU[\SUqca]Ia\ h q¥²KE T RU e­ T XW Ñ­ T   
  ØMØcI2! 6À "Ý $# 
 h q2[do2S g a Q Sp#]I[\S ¨V{µca Q ]Ia$['¿ Á À ¨Í¿ ÁÁ ¨C¿ ÁÂ ¨ V]Iq2oo2S8q2Sa Q S)[\SUa²  À  ¨·½ Vn­¿IÀI­¿zÁI­¿UÂnÃ ÔKh{g p h q2[\[dadSeq2pUb  a Q a Q S} h  hI °qK  S[dSUa}^2lÌ²&% #  ¨·½ VmÃ¼]IqKoÌ²&% À  ¨Í²  À   P Q Sl g SU[\SUqca]mad h q
ªN² E T RU U­ T  W d­ T ÀÑ¯`pUS#] g bo2S~qKSU[Ì]*8q2adSÌ]m~SUÄ]Iq  gdh ^2l h qÎa Q S*[dSea ²&% À  o2[dl2Ä]zbnSUo°q a Q S
T^2a\°lK°p#]mad h q`a]m2S h  Ô   t  jqcbK°q8] g b h l8S g ]mad h q*[)p h T`l2^2a]I2S} g\h T¾a Q S6l g SU[dSeqGa]Ia\ h q ÔKh{g SU_2]mT6l2S  S Q ]z{S '
¿ À ¿ Á'&( )+*¨ ¿ Y ÀÂ ' L¨¿ Â
ëÄò EëÄú
  ÉKÊ}ÆUÆ\Ç{ÈEÉKÊÅ{Ë   Ç{Æ Å	Å
	Ê	 ÆdÅÒÉ"Ç
°ÉKÊ#Å°Ê  ÆÄË +
²&% À  V ¿mÀ ¿#Á ¿UÂ
V V ¿mÀ ¿#Á ¿UÂ
¿mÀ ¿mÀ V ¿UÂ ¿#Á
¿zÁ ¿zÁ ¿eÂ V ¿IÀ
¿eÂ ¿eÂ ¿zÁ ¿IÀ V
Ô {^ g S)t8'	w^K°a\l2°pz]Iad h qa]IK°S h ²&% À 
ªe ¨}T`S#]Iq2[ a Q ]Ia°[$a Q S g SUSU{]mqGa g SUÄ]mad h q~¯   Sea S¼À~Sa Q S)[dSUa h Se°SeT6SUqcad[ h JS·a Q ]Ia$q hI
S   ^~]mV]I[)]o2 g SUpUa}p h qK[dS   ^2SUqKpUS '$a Q2h [dSSUSUT6SeqGa\[] g S h a Q S) h{g T»¿ Á  LÀ ¿ Á  OÁ ¿ Á 
	Â } S)pUÄ]IT
a Q ]Ia,S À °[]q h{g T]I8[d^2K gdh ^2l h S h Mq2o2SU_@  °Sz] g bS À °[}][d^2K[dSUa h S]Iq2o  Q SUqKSU{S g ¿
]mq2o8SU h qKa h S À µca Q SUq¿ Y À 8SU h q2n[a h S À  ¢ h S À [ ]±[d^22 gdh ^2l h ;S <Ô ^ g a Q S g T h{g Snµc[dq2pUSS []m~Se°Ä]mqEµ-S À [	q h{g T]m  ¢cq2peSJS À [	]$q h{g T]m{[d^K2 g\h ^2l h  SÎa Q S;^2qKpUad h q À '-SC³ S M-S À
o2S~q2SUocb À ª;¿z¯¨ ¿ S À °[] Q2h T h T h{g l Q [dT 8P Q S}T]m{S h 	 À °[ a Q S}¥]mpUa hng  g\h ^2l
S M-S¼À¨ ½ SÀz­¿mÀ S¼À#­¿zÁGSÀI­¿UÂ S¼ÀUÃ ª:3{¯
]mq2o°a\[ £{S g q2SU0°[ l g SUpU[\SUb S À <P Q S}p h [\SUad[ h  S MHS À Q ]z{S$SUSUT6SUqca\[ h Ma Q S} hng T '
SÀ ' ª;¿ Á  LÀ ¿ Á  OÁ ¿ Á 
	Â ¯
¿mÀ SÀ ' ª;¿ Á  L
0ÀÀ ¿ Á  OÁ ¿ Á  	Â ¯
¿ Á S À ' ª;¿ Á  LÀ ¿ Á  O
0ÀÁ ¿ Á  	Â ¯
¿eÂ-SÀ ' ª;¿ Á  LÀ ¿ Á  OÁ ¿ Á 
	 
0ÀÂ ¯
]mq2o} hng ]Iqcb)¿¥­2¿,79S  S Q ]z{S¿ SÀU¿QSÀ¨Ï¿Ä¿ SÀ  q2Sp h ^K°op Q SUp£)a Q ]ma T]m[]p h q2[\S   ^2SUq2pUS
h a Q S Ô  g [da[ h T h{g l Q [dT¾a Q S hng SUT TÌa Q S6a]m2S h *S M-SÀ]mq2o§a Q S6a]I2S h ²&% À  o2[\l2Ä]zba h
[ h T hng l Q p g\h ^2l2[ '0a Q S$ gdh ^2l h Ep h [\SUad[]mq2oa Q S g\h ^2l h Ea Q SU gg SUl g SU[dSUqca]IadnS 	k a[ Q2h ^2o]m°[ h
8Sl h qcadSUo h ^2aa Q ]ma	a Q S g S}SU_c[daSU_2]IpUa\°ba h  g\h ^2l2[ h  h{g o2S g v~µnq~]IT`SUb}a Q SSUqE¤ [< h ^ g ¥ gdh ^Kl
ª h{g o2 Q SUo g ]In gdh ^2lÁ#¯<]mq2o)a Q S	pUbcpUp gdh ^Kl0IYEIa Q S g S#]Io2S g pz]Iq g S;S g a h a Q S g Se°Se{]IqcaEadS g ]Ia\^ g S
a h p Q SUp£}a Q ]maEa Q S	a]m2S h ~²  À  o2[dl2Ä]zbc[@]  g\h ^2l}[ h T hng l Q p0a h Á <Ô °n^ g SWoK°[\l2Ä]zbc[@a Q S	Å2	°Ê	
Ë2ÄÅnÆdÅ  h <a Q S} g\h ^2l²&% À  T¼SUa ^K[ p#]I@a 
  À  $g SUqca]mad h q*+H%
"2+H%) h ]I@p h q2q2SUpead h q2[] g S
SUT`l Q ]m[d .USUo` hng pUÄ] g a>b  jC{S g adSU_`[da]Iq2o2[ h{g h qKSSUSUT`SUqca h Ea Q S) g\h ^2l]Iq2o`a Q S g S)SU_c[da\[ h qKS
] g p} hng Sz]Ip Q SUqca g b³8¿ª7² % À  ­¿ 7 ²<¯ q`a Q S}T^2adl2p#]mad h qa]m2S Ô q~]m°b  So2S~qKSa Q S¶Å{ÆUÆ\Ç{ÈEÉKÊÅ{Ë 6À6¨ ª>¬8À¨«²!% À  ­®±À¯]m[a Q Sq h qc h{g SUqca\SUo§nS g [\ h q h 
a Q S6o2 g ]Il Q 
  À   P Q Sa hng ^2[ 6À°[a Q ^2[] g SUn^2Ä] g V ¥ g ]ml Q¶ a Q  h ^ g {S g adpUSe[6]Iq2o¶[ g S#]Io2b
¥{]m°SeqGa *k q ]mo2o2ad h q  S`o2S~q2S $#"¨ ª>¬ #¨«²!% #  ­® #¯]m[a Q Sq h qÒ hng SUqcadSUo {S g [d h q h a Q S
 ¾ìYXZ)[=\ 





Ô n^ g S8' ±g ]Il Qh Ma Q S} gdh ^2l² % À 
 ]zbcSUb*o2Ä]I g ]IT 
  #  h  a Q Sa g GÄ]m	 g\h ^2l¶o2S~q2SUo Gb"a Q S`l g SU[\SUqca]mad h qCª;²KE T RU ­ T  W d­ T # ¯)¨
ªN² E T # ¯ 
  ØMØcI2! ¼Á  IÜ  6À 
j$°a Q2h ^K Q a Q S g S Se_G[\ad[	] o2 g SUpUa<T6SUa Q2h oEµz{{Seq)cb± h _cSUa\S g w h [dS g # v%c h{g p h T`l2^2adq2 a Q S°qKo2SU_h M]}[d^2K gdh ^2lq¼]mq6]I2[\a g ]IpUa g\h ^2lcb[dbc[da\SUT]madp#]Ib}SUqc^2T6S g ]Ia\q2}a Q S$p h [\SUad[zµc°a°[ Q S g S$T hng S
p h qc{SUq2SUqca a h ]Io h l2a ] g SUpe^ g [\°nS)[dp Q SeT6S < S [ Q ]I8{SUq2S g ]Ia\S  Á  gdh T  À a Q SUq{SUq2S g ]Ia\S   q
a Q S}[]IT`S  ]zb h{g a Q SnSUq2S g ]I@p#]m[dS   {SUq Q SUq2pUS}a Q S g Se ]mad h q T Á '2ª;¿  À ¨C¿  Á ¨Î¿ Â ¨ V#¯]IqKoa Q S
q2S  l g SU[\SUqca]mad h q¶ª;²KE T RU e­ T XW \­ T Á ¯eµ2SUa ^2[ o2S~q2S)a Q S}[dSUa
²  Á <¨C½/V{­8¿ Á À ­2¿ ÁÁ ­8¿ ÁÂ Ã O
²  Á  [] gdh ^Kl§]Iq2o¶ad[T^2adl2¡p#]mad h qa]I2S h ^2o*o2[dl2Ä]zba Q ]Ia²  Á  [)[ h T hng l Q pa h ²  À   S}[ QKh ^2o8S]  ] g S}a Q ]Ia a Q S g Se ]mad h q T Á g SUl2Ä]IpUSe[a Q S g SUÄ]mad h q T À]IqKoa Q ]Ia T À[ q h  h q2{S g
;^K¡8°SUo¶q a Q [l g SU[\SUqca]mad h q T q h adS`°qKpUo2SUqca]m°b*a Q ]ma T À T Á  j$qcb h l8S g ]mad h q °[°qKo2SUSUo
p h T6l2^Ka]IK°S  gdh Ta Q S)l g Se[dSUqca]mad h q]mq2o` h{g SU_2]mT6l2S  S Q ]z{SY'
¿ Á À ¿ ÁÁ '&( *¨ ª;¿ À ¿ Á ¯ Á '&( )+*¨ ¿/Y ÁÂ ' O¨Õ¿ ÁÂ O
 SUa*S)Á$8S}a Q S)[\SUa h MSUSUT`SUqcad[ h  SÍa Q ]Ia S   ^8]I;V]I[]o2 g SepUa p h qK[dS   ^2SUqKpUS h  T ÁmµcpUS#] g °b '
S)Á ¨ ½ ¿ 7 S '{¿¨C¿   LÀ ¿   OÁ ¿   	Â E  JL798 8Ã
]mq2o hng a Q S}[]mT6S g Sz]I[ h q]I[ ]I h {S{µS Á [ ]q h{g T]m2[d^2K gdh ^2l h  SC2^Ka °a[]I[ h q hng T]I2q S ÀQ Seq2pUSLS À °[ oKSUp h T`l h []m2Sqca h a Q S}p h [dSUa\[Y'
S)Á ' ªN¿ Á  Á  L À ¿ Á  Á  O Á ¿ Á  Á  	 Â ¯
ëÄò EëÄú
  ÉKÊ}ÆUÆ\Ç{ÈEÉKÊÅ{Ë   Ç{Æ Å	Å
	Ê	 ÆdÅÒÉ"Ç
°ÉKÊ#Å°Ê  ÆÄË y
¿ Á À S)Á ' ªN¿ Á  Á  L 
0À À ¿ Á  Á  O Á ¿ Á  Á 
	 Â ¯
¿ ÁÁ S Á ' ªN¿ Á  Á  L À ¿ Á  Á  O 
0À Á ¿ Á  Á 
	 Â ¯
¿ ÁÂ S)Á ' ªN¿ Á  Á  L À ¿ Á  Á  O Á ¿ Á  Á  	 
0À Â ¯
]mq2o  S h Ka]Iq]¥]IpUa h{g  gdh ^Kl'
SÀ M-S)Á ¨C½/S)ÁI­¿ Á À S)ÁI­¿ ÁÁ S)Ám­¿ ÁÂ SÁzÃ ª;|{¯
[ h T hng l Q p)a h ²  Á  P Q S°qKo2SU_ h  S Á q2S À [ # S À 'S Á %¨v8µ@a Q S g S h{g S`a Q Sq2oKSU_ h  S Á q
S[ '# S 'S Á %E¨ # S ' S À % # S À 'S Á %E¨Vz|  w hng S)l g SUpU[\SUbT g S;S g a h a Q S P Q  g o[ h T hng l Q [\T
a Q S h{g SUT T S À MHS Á [ ]q hng T]I8[d^22 gdh ^2l h  S M-S Á ]IqKo6a Q SUq0'
ª S M-S Á ¯MKª S À M-S Á ¯<¨Í½/S À M-S Á ­#ª!S À MHS Á ¯d¿ À ­#ª!S À M-S Á ¯d¿ Á ­zª S À M-S Á ¯d¿ Â Ã'O ª:+{¯
 SUa^2[ oKS~q2S ¨¹ª 12­zV{­t2­){¯<]Iq2op h q2[do2S g a Q S[\SUa h  g SUl g Se[dSUqca]mad{Se[ '
² % Á  ¨C²  Á >² % À  ¨ ½ ¿ Á L ¿  # ­  À 7 ÒÃ O ª;u{¯
k a)[ Q2h ^K°o*8S6pUS#] g  gdh Tª;|n¯)]Iq2oª:+n¯ TÌ]Iq2o*a Q S Ô  g [da}[ h T hng l Q [\T¾a Q S hng SUT Ta Q ]Ia S MHS)Á°[
[ h T hng l Q pa h ²&% Á  ]Iq2o  S[ Q ]I8[]zba Q ]maa Q S h{g o2[ h M²&% Á  Q ]z{S a Q S6\p#]Iq h q2p#]I$ hng T· h{g a Q S
n°nSUq6l g SU[\SUqca]Ia\ h q PMh p#] g\g b h ^2a]±;^2~p h q2q2SepUad h q h Ea Q S) ]zbcSUbo2Ä]I g ]IT 
  Á <q Ô   v  a Q
] g pU[ ³~¿,ª 7²&% Á  ­¿7Ì²M¯eµ  S}o2SUa]m@a Q S} h  hI °qK g SUÄ]Ia\ h q2[
¿ Á	 ¿
 ¿6¨Î¿ 	 ªN¿ 	 ¿
¿Ò¯ ' ( )+*¨ ¿ 	
T W' ¿ 	 ¿
 ' ( )+*¨ ¿ Y À ' O¨Õ¿ Â ¨C¿ Á ¿
T W'»¿ Á	 ¿ Á
 ' ( *¨ ªN¿ 	 ¿
~¯ Á ' ( ) *¨ ªN¿ Y À ¯ Á ¨C¿ Y Á ' O¨¿ Á
¿ Â 	 ¿ 
 ¨C¿ Á	 ªN¿ 	 ¿ 
 ¯ '¨¹¿ Á	 ªN¿ Á ¿  ¯	¨·ª;¿ Á	 ¿ Á ¯d¿  ' ¨¾¿ Á
 ¿ 
8SUa  SUSUq*SUSUT6SUqca\[ °q²µ  Q S g Sµ	µÌ] g S]I@o2[\adq2pUa P Q SUb Q Se°l"a h a g ]Iq2[Ñ h{g T]mqcb6l g\h oK^2pUa
8¿*qGa h a Q SÌpz]Iq h q2p#]I$ hng T h ad[ g SUl g Se[dSUqca]mad{SÎª  Q adS*{S g adpUSU[] g S g SUl2p#]mad h q2[ h ±a Q SU g
Q2h T h  h {^2S°q Ô   vc¯ Ô °q8]Ib  So2S8q2S6a Q S6] g\gdhI Q S#]mo ¼Á¨»ªÑ¬ÒÁn­®$Á¯)]I[)a Q Sq h qc hng SUqcadSeo
nS g [\ h q h 	a Q S}o2 g ]Il Q 
 Á  
  ØMØcI2!   
 = ØcÜ8IØ&    ÉKÊ @ÆdÊÊ NÅ  ÄÇ
  ²KE T RU  ­ T XW  ­ T   ËnÊYKÊ Å{Æ\Ç
& S M-S  Ç ÇnÆdËnÊ#Æ<v   UÇ ÇnÆ)
2É8 > ;Ç °ÉKÊUÊ Ç)ÆdÊ ÖÆ\Ê UÊ NÅ   #ÊA
² % ¨Í½I¿ Á  L  L ¿ Á 
O
  O OPO Od¿ Á L ¿  ! J 7 ¨¹ª 12­zV{­t2­){¯U­zª:1#" P$" LEÎVz¯Ã O
 ¾ìYXZ)[=\ 































































Ô n^ g S}vA' ±g ]Il Qh Ma Q S} gdh ^2l² % Á 
 }IÜ@Ü  Yj$l2l2bcq2a Q S P Q  g o[ h T h{g l Q [dTa Q S h{g SUTSUq~]IK°Se[]Iq`q2o2^2pUa\{S}l gdhch   Ð$S~q2S '
S J}¨Í½I¿,79S  T J ©ªN¿¨ V#¯Ã¨C½ ¿ Á  LÀ ¿ Á  OÁ ¿ Á 
	Â E GJ 7>8 8<Ã
²  J 0¨Í½/V{­2¿ Á   LÀ ­~¿ Á   LÁ ­2¿ Á   LÂ Ã
 hng ]Iqcb"PªdV " P " @¯  S#] g b>S  S  Y À  S¾]Iq2o¶ h a Q S  Y À ]Iq2o S  ] g Sq hng T]I<qSµ8a Q SUq S  Y À M-S  °[}]q hng T]IE[\^22 gdh ^Kl h JS M-S  ]IqKoÌa Q S   ^ h adSUqcaª!S M-S  ¯M2ª!S  Y À MHS  ¯$°[[ h T hng l Q p<a h S MHS  Y À W ^2a<cbq2oK^2pUad h q  S£cq hI a Q ]Ia# S '-S  Y À %E¨v  Y À ]Iq2oa Q ]ma S M-S  Y À[ [ h T h{g l Q p a h a Q S)[\SUa
² % Y À  ¨Ï²  Y À  O OPOd²  Á >²  À  OÔ ^ g a Q S g T h{g S6²  [ g S#]mo2bÌ]` gdh ^2l§]IqKoÌ[)a Q S[dSUa h  g Sel g SU[\SUqca]mad{SU[ h  S  Y À MHS   !SUqKpUSa Q S)q2o2SU_ h S  q9SÍ[# S '-S  %Ö¨ # S 'HS  Y À7%# S  Y ÀK'-S  %Ö¨ v  ]Iq2o`a Q S[dSUa '
² % ¨C² >² % Y À  ¨Í½I¿  ¿  79S  ¿  7 ² ­¿  7² % Y À  Ã
[ a Q S)[dSUa h  g SUl g SU[dSeqGa]Ia\°nSU[ h S M-S   
 SUa`^2[6pz]I 
}a Q So2 g ]Il Qh }a Q S" gdh ^2lÎ²&% P<h p#] gdg b h ^Ka6]";^2 p h qKq2SUpUa\ h q h 

 a Q ] g pU[ ¶³ 8¿ª 7 ²&% ­¿ 7Î²<¯  ST^K[da]mo h lKa] g SUo2^KpUad h q¶l gdh pUSU[\[a h ad^ g q§]Iqcb h{g o
8¿qGa h6h q2ST]Iq2o h qK°b h q2STp#]Iq h q2p#]mE h{g T»¿ Á  L   L ¿
Á  O   O OPO O>¿
Á  L ¿   cb^2[dq2a
Q S g SUÄ]Iad h q2[ h 
ëÄò EëÄú
  ÉKÊ}ÆUÆ\Ç{ÈEÉKÊÅ{Ë   Ç{Æ Å	Å
	Ê	 ÆdÅÒÉ"Ç
°ÉKÊ#Å°Ê  ÆÄË V{V
Ô {^ g S38'0jÍc°S Ïh  )]m[]p h T`l h ^2q2o h `À cb 
a Q Sl g SU[dSUqca]Iad h q ]m[a  ]m[o h q2S` h{g C¨t  j¾p h qc{SUq2SUqca  ]zb¶[l gdh co2SUo Gb a Q S]m h nS
q2o2^KpUad h q  Q p Q o2S~q2SU[)]>Ç ÒÇ2 2Ë >ÉKÊ Ê h  
   gdh T  h ^ g dp h l2SU[d h  
  Y À  µ h q2Sp h lcbp hngdg SU[dl h q2oK°qK  a Qh qKSp h [dSea h S  Y À M-S  < S$l gdh pUSe[d[)]I[ h  hI [ '
V  X SUT h {S6]mqGb¶] g p°q 
  Y À q2oK^2pUSUocb¶a Q S g SUÄ]Iad h q T  Y À T [\°qKpUS T  Y À)[q h  h q2{S g;^2 ~SUo T]mq2o6l8S g  h{g TÕa Q S h l8S g ]Iad h q6 h{g S#]Ip Q p h lcb 
t  X SUlK ]mpUS)]Iqcb6T`[d[dq2] g p}q 
 cb6]q2S  ] g p)q2o2^2pUSeocb`a Q S g Se ]mad h q T  
k q2oKSUSUo])T h{g SnSUq2S g ]I@p h T6l h ^2q2o[\p Q SUT6S$p#]Iq`~S$[dSUa\adSUo` g\h T]Iqcb[d^22 gdh ^2l h ;SÍ]I[o2SUa]m°Seo
a Q S g Sz]z;a\S g#
}Ü~IÜ $$;2IÙ  Ç{ÆÅ28	 Pª\V " P "  EV#¯ 
K>Å2 	Ê}Å{ÆUÆ\Å
 nÊËÅ% Å >Ç ÒÇ2 2ËÇv  Y J >Ç ÄÊ
Ç 
 J 	
 }IÜ@Ü   S   S J  S ]mq2o h a Q S J6]Iq2o9S  ] g S)q hng T]m~q>S 	P Q S g S hng SLS J-M-S  [ q hng T]m
q S M-S  ]Iq2o`a Q S   ^ h a\°SeqGa}ª S M-S  ¯MKª S J MHS  ¯	[	[ h T hng l Q °p a h ²&% J   Q2h [dS g ]ml Q [ 
 J  0P Q S
qc^2T8S g h <p h lK°Se[ h  
  J  [ # S J 'S  %dµca Q ]Ia [a Q S)q2o2Se_ h S  qS J  
j$[]I h {Sa Q Sp h q2q2SUpUa\q2¶[dp Q SUT`Sp h q2[d[da\[6q g SUT h c°qKÌ]Iqcb§] g pq2o2^2peSUoÎq hI cb a Q S g SUÄ]z
a\ h q T J2µcq6S#]mp Qh Ea Q S)v  Y J p h l2SU[ h  
  J  Eca Q SUq]IlKl2bGq2 T  a hg SUlK ]mpUS]mqGbT`[d[dq2)] g p}q

  0P h a>bGlK°pz]I8{]I^2SU[ h  P] g S g Se°Se{]Iqca#µnq~]IT`SUb0P¨¹Vnµ{[ h 
   °28S] gdg ]Iq2nSUo  a Q v  Y À
p h l2SU[ h 	a Q S g ]Il Q 
 À o2[dlK ]zbnSUoq Ô   E h{g P¨  EÎV{µ~]m[ qa Q S]m h nS)p#]I[\S Q  Q ° Q a\SUo
 hng 6¨ +q Ô   3 T h{g pe ] g a>bcµ h q2ba Q S)T`SUa g po2[da g 2^2a\ h q h 	a Q S}{S g adSe_[\SUa[o g ]  q 
 ¾ìYXZ)[=\ 
Vzt  )Ç  8cÊ ÊÊ#Æ\Å	&°Ê
Ô °n^ g S)| '<jÍGS Ch  $#nµ 6À µ Á
   *	(	  
	  

`Ø !N;Ü     ÉKÊ Å{ÆUÆ\Ç{ÈEÉKÊÅ{Ë  ¨¹ªÑ¬  ­®  ¯K  É2Ê2Ç2 dÇ{Æ Ê NÊËzÊ#Æ ÄÇ2Ç É2Ê Ë2nÆdÅ)2É 
 
É2Ê	Å
	°Ê	 nÆdÅÒÉ*Ç É2Ê nÆdÇ2&  ²KE T RU ­ T  W d­ T    	É2Å%´¨¹v  zÊ#Æ   >ÊÅ
2Ë-Uv  ÊË {Ê 
  ÉKÊ Ê  Ç zÊ#Æ   >Ê  )¬  ¨¹²&%  *Å{ËnË
  ÄÇ
*È	ÊÆ\Ê  ÄÆdÊ É2Å 	² 	Ê >Ç UÊË KË{ÊzÆ0  #ÊzÆ UÊ  Ç
É2Å  É2Ê UÊÇ)ÊË {Ê>Å2 	ÊËnÊ 2ÊË eÆdÇ 
  Å ®  ¨C½{½ E­cÃ,7*¬  M*¬    Y À 7²Ã 
j$°co2S~q2ad h qK[  Q °p Q °n~S [\SUa<^2l°qa Q S[\S   ^2SUK h{g a Q S] gdgdhI Q S#]Io g SU[\^2a0 gdh TÍa Q S nSUq2S g ]Iadq2
l g\h pUSU[d[ h  
  ¹k q l~] g adpU^2Ä] g µ a Q Sp h T`l h ^2q2o[dp Q SeT6S h 
  8S¶]Il2l2SUo h q   ]I[
 SU  j p h T6lK°SeadSGS Íh  $#nµ 6ÀIµ ¼Á[oK°[\l2Ä]zb{SUo"°q Ô   |DE ¼Á°[}[ Q2hI qÌqa\[ Q SU_2]I h q~]I
g SUl g Se[dSUqca]mad h q¶]I[ oKSU[dp g ~SUo"a Q S g S#]zNadS g ªÄp h T6l8] g S  a Q a Q S}o2 g ]Il Q 
  Á <q Ô   vc¯ 
    	     
'
	
	 @    
j Q2h °Se°Se[d[#µ Q SU_2]I h q~]mÒ] gdg\hI Q S#]Io°[<o2Sel2pUadSUoq Ô   + Ek a g Se[d^2ad[0 g\h T¹]mq]Io2S   ^8]IadS a g ]mq2[dÄ]Ia\ h q
h ±a Q Sq h{g a Q µ[ h ^2a QG SU[\a#µ[ h ^2a Q Sz]I[da Q2h SUbÍ Q S#]mo2[d h ±a Q S h{g °nq~]I    ¢cp Q SUT]Iadp#]m°bcµ0a Q S
] g Sz]I h    [o2SUp h T6l h []I2S)qca h q2q2S)S   ^2Ä]Ia\S g ]m<a g Ä]mq2{SU[)]I[$o2SUl2pUa\SUo¶qa Q Sl2pUa h  g ]IT*µ
a Q S  h ^2q2o~] g SU[	8SUq2)oKSU°T`adSUo}cba Q S SUSUT`SUqcad[ h E²  <ÔKh{g [dT6lK°pUa>b  Sp#]I>µ 0À	[]zbcµI[d^Kp Q ]
 Q S#]IoK <P Q [	q hng a Q S g q Q S#]mo6[	a g ]Iq2[\Ä]IadSeo6a QKgdh ^K Q a Q SnSUpUa h{g E t   A{À}ª AnÀ[da]Iq2oK[ Q S g S  h{g a Q S
^2qK°a}nSUpUa hng °q"a Q Sq h{g a Q S g q¶o2 g SepUad h q0µE]I[\[ h pUÄ]Ia\SUo  a Q a Q S{Seq2S g ]ma hng ¿ À ¯ a h ~a}a Q S"! À ] g Sz] 
B$h adS}a Q ]Ia SUoK{SU[}] g S}q h a gdh £nSUqq6a Q Sa g ]mq2[> hng T]Iad h q  wSUa g p#]m°bcµca Q ]maqc h {SU[ ] g SUo2^2pead h q
h a Q S6]znS g ]m{SSUq2na Q¶h   g ]Il2l8SUo2"SUo2{Se[ P Q S,¥]IpUa}a Q ]Ia)a Q [)a g ]Iq2[Ñ h{g T]mad h q[]m hI ]IK°S
p#]mq~S gdh ^2 Q °bSU_cl2Ä]Iq2Seo6q6a\S g T`[ h Ead°qK)cb g SUc] g oK°qKa Q S)] gdg\hI Q S#]mo]I[ ]l gdh a h a\°S  Q p Q
p#]mqÌp h {S g a Q S  Q2h Sl2Ä]Iq2S  a Q2h ^2a}c]Il2[ h{g}h {S g Ä]Il2[ #°V1cµ	V#ycµ0u&% )Ô q~]m°bcµ2[\°qKpUS h a Q  g ]Il Q [
] g SS   ^2{]ISUqcazµ  Sp#]I<a Q Sa g ]Iq2[Ñ h{g T6SUo h q2Sa Q SÉ2Ê)4nÅnÇ
2Å h{g UÇ°Ë{ÊË] g\gdhI Q Sz]Io   µ h{g [da\°
a Q SÅnÆUÆdÇnÈEÉ2ÊÅnË} hng [ QKh{g azµ@ 	°a$[pUS#] g  gdh Tp h qGa\SU_ca  h a QÌg SUl g Se[dSUqca]mad h qK[  °0~SSU_cl g SU[d[\SUo
qadS g T6[ h 	p hch{g o2q~]Ia\SU[ qa Q S$ h ° hI q2)[\SUpUa\ h q 
ëÄò EëÄú
  ÉKÊ}ÆUÆ\Ç{ÈEÉKÊÅ{Ë   Ç{Æ Å	Å
	Ê	 ÆdÅÒÉ"Ç










   9 '

   ØcIzØ8ÚzI 	 N  ;Ù
3 S g adSe_{>a g ]Iq2[\adc°a>b`ª h{g {S g adSU_n>[dbcT6T`SUa g b2¯@[M]mq)qGa\S g Se[dadq2}l g\h l8S g a>bcb  Q p Q ]I{nS g a\°peSU[ Q ]znS
],[dT6Ä] g ~S Q ]zc h ^ g #Vzucµ~t2µ0V)%   q2Sp#]Iq"S#]I[\°bp Q SUp£a Q ]IazµÖ]m[] ]zbcSUb g ]Il Q µ   [nS g a\SU_n
a g ]IqK[dad{S Ek q h a Q S g	h{g o2[#µz h{g SU{S g bl~]I gEh ÖnS g a\pUSU[	a Q S g S Se_G[\ad[]mq¼]m^2a h T h{g l Q [dT h    a Q ]Ia
T]Il2[ h q2Sqca h a Q S h a Q S g#}Ô2hng ]mqGb`~_cSUo"{S g adSU_	 7§¬  o2S8q2Sa Q Sl~S g T^2a]mad h q9I
F'*³
ª97*¬  ¯ ]Iq2o`p Q SUp£a Q ]ma ]mo i ]IpeSUq2pUb`°[ l g SU[\S g nSUocb I 
 	ÔKh{g ]IqcbSUoK{S½ 0­ ÒÃ 7®  µca Q S)]m h nS
o2S~q2ad h q h    T6l2SU[  Y À 27Î² D ^2a Y À Ì¨«ª 8¯ Y À ª n¯ Q SUq2pUS"½ E­ cÃ97Î®  a Q ]Ia°[
½/I 
 ª~¯e­ I 
 ª{¯Ã 7®  
  »IØ2%
M{~Ø $;2Ø&$$   z = Ø ¶Ø
P Q S}p h T6l h ^2qKo[dp Q SUT`SU[ h    l gdh co2S}])[\a g ]m Q a> hngd ] g o   ^8]IadS g q~] g b6q h a]mad h q  a Q6h{g oK[ h 
"o2{ad[  ¨   Y À   Y Á OPO O  À  #  h{g qc^2T~S g q2a Q S}SUSUT`SUqcad[ h ¬  
V  j[\[d^2T`S6 g [da  Sp h T6l h [\S  À cb   Y À 	 SUa   Y À 8Sa Q S g\hch a#µq hng a Q µ[ h ^Ka Qc Se[dah{g [ h ^2a Q S#]I[\ap h lcb h    Y À g SU[\l~SepUad{Se°b  hng  V h{g-?G PMh ]Iqcb¶{S g adSU_ Ä]I8SU°Seo  Y À ¨   Y Á OPOPO  À  # °q!   Y À  S)]I[d[\{q6a Q S)q2S Ïh{g o"  ¨$#%  Y À q  
t  j[\[d^2T`Sq hI Sp h T6l h [dS   Y À cb  À  jC{S g adSU_` ]m~Se°SUo&  Y À q   Y À [ g Sel2Ä]IpUSUocba Q SadSUa g ]Io*½   ¨$  Y À #E#7  cÃ)q   
 ¾ìYXZ)[=\ 
















































































Ô n^ g S)u8'  ]I8SU°qK Á ]mq2o  Â
h a Q [dp Q SUT`SU[] g S}p h q2[\[dadSeqGa$qa Q S}[dSUqK[dSa Q ]ma a Q S}q h a]Ia\ h q  @8Sa Q S)[]IT6S  Q ]Ia\SU{S g p h T,
l h ^2qKo ]m°a\S g q8]IadnS  S*p Q2hch [\S P Q [6p h T2q~]Ia h{g  ]mq h a]mad h qC]I hI [a h cbcl~]m[d[]IqcbT6SUa g p
q h a]mad h qa Q ]Ia h ^K°o Q ]znS)8SUSUq*o2S~q2Seo h qa Q S°qÒ~q2adS) g o  jq"°^2[\a g ]mad h q h a Q S ]m~Se°q2
[\p Q SUT6S)[ n°nSUq6qa Q S Q SU_2]I h q~]m g SUl g SU[\SUqca]Ia\ h q h  Ô   u} hng ¼Á)]mq2o Â  SUa^K[ q hI oKS~q2S
q*¬  a Q S[d^22[\SUa0'   J ¬  ¨ ½  7*¬  'Q1ª,v J ¯Ã ª;y{¯
 hng ]IqcbP ª:1 " P " @¯  S#] g b  S Q ]z{S ' 
  J ¬   ¨ v  Y J k a T]zb~S)^K[dS;^KEa h l~] g adad h q¬ qca h ] Q S g ] g p Q b h  :ÎV}T`SUT8S g [ '





   Y 
 ¬  E
   Y 
 
0À ¬   ª\V1{¯
]mq2oa hg SeG] g o]Iqcb0C TGT6SeT~S g ª C Vz¯ ]I[]"do2Se[dpUSUqKo~]Iqcad h 	a Q S¼ª CEÎV#¯ TcT6SUT8S gz
   2Ø&$$ & ~ØcI¥mØ2   = Ø = Ø@  8Ü< $IÜ@Ü8{Ý <2zØeÙEUzØ 
k a  I~S[ h T6SUa\°T`SU[@p h qGnSUq2SUqcaEa h SU_cl g SU[d[ ¬  q)a Q S Q SU_2]I h q~]m{p hch{g o2q~]Ia\S	[dbc[\adSUT h Ö¢cSepUa  t  V 
 SUa
C
¨¹ªDA À ­A Á ­A Â ¯8Sa Q S}[dbc[da\SUT h <{SUqKS g ]ma h{g [o2S~q2SUoq*ª;t{¯ ]mq2o A # a Q S .US gdh {SUpea h{gz ¢cq2pUS
]mq6] g p ³8¿ q 
@o2Seq h a\SU[]$a g ]mq2[dÄ]mad h qqa Q S$[dl~]mpUS[\l~]Iq2qKSUo6cb
C
µ{a Q SUq6a Q S p hch{g o2q~]Ia\SU[
=  ¨·ª 5ÓÀ ­ 5~Ám­ 5KÂU¯ h ])nS g a\SU_Ä]I8SU°Seo  a Q a Q S hng o   °q`a Q S@ TÒ] g b6[\bG[\adSUT[]mad[>Nb
=   L   O  L   ¨
 Y À
J  #
t J A  
 hng a Q S nÊ2Ê#Æ& > g SUl g Se[dSUqca]mad h q"°q Ô   3  w h{g S h {S g µca h ^2o~S$S#]I[\ba h [ Q2hI cbq2o2^2pead h q h q
]mq2o6^K[dq2)a Q S}p h T`l h ^2q2o[dp Q SUT`S h 
 M gdh T 
  Y À @a Q ]Iaa Q S}{S g adpUSe[ h 	¬  ] g Sp h qca]Iq2Seo
ëÄò EëÄú
  ÉKÊ}ÆUÆ\Ç{ÈEÉKÊÅ{Ë   Ç{Æ Å	Å
	Ê	 ÆdÅÒÉ"Ç
°ÉKÊ#Å°Ê  ÆÄË V3
 a Q °q]mq] g S#]o2S8q2SUocb '    5ÓÀE.5KÂ E t 58ÁE.5ÓÀ E t 
5KÂ4E.58Á E t 
j$[	>] g ]m[a Q SÉKÊ 4nÅnÇ
2Å~] g\gdhI Q S#]mo6[p h q2peS g q2SeoEµ2ad[[dSea h E{S g adpUSe[ p#]Iq`~S$[ Q2hng adbo2S~q2SUo
 g\h TªdVz¯]m['
¬  ¨ ½Gª 5ÓÀ#­65~ÁI­5KÂI¯47Ì¬ ' E t 
	 5ÓÀE$5KÂG­ 58ÁE25@ÀI­ 52Â4E 5~Á "Ît  Ã
     

  Ý  ~ØnÚUIÜ !<Ø2I ;UÙ
P Q S}SUoK{S>p h qKq2SUpUa\°ca>b h ] g ]ml Q [	a Q S}T6q2T^2TÍqc^2T~S gh ESUo2{Se[  Q2h [\S g SUT h {]m2o2[dp h qc
q2SepUad[}a Q S g ]Il Q #VnV*%  }q hI q2
"qG h {Se[a Q S)qc^2T8S g h 	o2[ ih qca l~]Ia Q [ ih q2q2¼]n{SUql~]m g
h nS g a\pUSU[]mq2o[ Q Se°lÒ;^2@ h{g ~q2o2q2o2[ ih qGa[dl8]Iq2q2q2a g SUSe[  hng °qÒ h{g T]Ia\ h qo2[d[dSeT6q~]Ia\ h q 
 = ØcÜ8IØ&     ÉKÊÅnÆUÆdÇnÈEÉ2ÊÅnË   É2Å%)Å
ÊËnÊ&>Ç282Ê)> :   	0ª   ¯M¨C| 
 }IÜ@Ü    S]m[d[\^2T6S a Q Sq h qc>a g cÄ]I2pz]I[dS  1 MÔ  g [\aa Q S{]m°Seq2pUSn{SU[]±^2l2l8S g  h ^2q2o h Ea Q S
SUoK{S>p h qKq2SUpUa\°ca>bcµ~[ h Eª   ¯#" |  ST^K[da[ Q2hI a Q ]ma0ª   ¯ Ï|]Iq2o`~qKoa Q ]ma h{g ]mqcb6l~]m g
h ÖnS g a\°peSU[ªE­{¯a Q S g S SU_c[da]maMS#]m[da	[\_)SUo2nS¥oK°[ ih qca<l~]Ia Q [	8SUa  SUSUq]mq2o <P Q S g S] g S a QKg SUS
pUbcpUSU[}ª h ÖSUqK{a Q t  ¯E h q2$a Q2g\h ^2 Q ]Iqcb){S g adSe_¼]mq2oq2oK^2pUSUocb)a Q S a Q2g SUSnSUq2S g ]Ia h{g [ h @²  SUa
^2[ oKSUq h a\S  [d^2p Q ]pUbcpUS h q2)a Q2gdh ^2 Q `°q`a Q S$o2 g SUpead h q #<]Iq2o )]pUbcpUS} h q2a Q2g\h ^2 Q
qa Q So2 g SepUad h q K6ª#\­'K±¨·V{­t2­){¯ @k q{Seq2S g ]m>µ2]I2a QKh [dS}pUbcpUSU[ ] g SSUoK{S>o2[ ih qGazµ  ]Iq2o ª#¨ Km¯qGa\S g [\SUpUa}]Ia h q2SnS g a\SU_@µ    }[]zbcµc]Iq2oa Q S g S}SU_c[daSU_2]Ipeadb[d_°qca\S g [\SUpUad h q2[  S]Iq~]m°bc[\S]m°8a Q Sl~]ma Q [ h Ea Q S  h{g TªE­   c­{¯  a Q6h q2Sp Q ]mq2{S h Eo2 g SUpUad h q 	Ô2hng ]{{SUq
   }a Q S g S)SU_c[da h ^ g l~]Ia Q [)o2Sel~SUqKo2q2 h q  Q SUa Q S g) S h  hI a Q So2 g SepUad h q§¿  h{g ¿ Y À  g\h T *a h     ]mq2o*a Q So2 g SUpUad h qÌ¿  hng ¿/Y À  gdh T!    a h  P Q S g ^2S[ a Q ]Ia$a Q S)p Q2h [dSUq"l~]Ia Q [ Q2h ^K°oq h a pU^2a$a Q2g\h ^2 Q]mq h a Q S g qcadS g [dSUpUa\q2{S g adSU_ P Q S g S}SU_c[da\[ h q2S$[d^2p Q l~]ma Q ªE­    ­{¯ h{g ]{{SUq
    S#]mo2q2)a h[\°_`SUo2nS¥oK°[ ih qca l~]ma Q [ hng ]I"    µ8]IpUp hng o2q2a h a Q [ g ^2S 	P Q S g S)[]l~] g adpU^K ] g p#]I[\S  Q SUq]mq2o 8SU h q2a h ][]IT6S$^2q2o2 g SepUad h q8]I@pUbcpUS  a Q2h ^2a h [d[ h <{SUqKS g ]m°a>bcµ2]I[\[d^2T`S # À¨$  À P Q S g S hng S{µ  Á  À ¨$ Â  À ¨   Q S g S#]m[% À  Á ¨$ À  Â ¨  	Ô  g [\a	a Q S g S$SU_c°[\aa h ^2q2o2 g SepUad h q8]I2l~]ma Q [
ªE­{¯  h ° hI q2)Se°a Q S g a Q So2 g SUpUad h qÌ¿ À h{g a Q So2 g SepUad h q¶¿ Y ÀÀ   qÌa Q S h a Q S g}Q ]mq2oa Q S g SSU_c[da
a h SUo2nS¥oK°[ ih qca l~]ma Q [ª 0­& Á  Â ­ n¯ SUa Q S g cb` h ° hI q2¿ Á a Q SUqÌ¿0Y ÀÂ h{g cb` h  hI q2¿0Y ÀÁ a Q SUq
¿ Â ]IqKoa h SUo2nS>o2[ ih °qcal~]Ia Q [ªE­ Â  Á ­{¯  °a Q ][\°T` ] g ]Ia\S g q~]mad{Snµ Q SUq2pUS[d_SUoK{S>o2[ ih qGa
l~]ma Q [}]Ia h {SUa Q S gz 
 »IØ2%
M{~ØIÜ !<Ø2I! z = Ø&¶Ø
j g SUpU^ g [d{S$p h qKq2SUpUa\°qK)[dp Q SUT`S	 h  hI [@ g\h TÍa Q S [da]madSUT`SUqca<~SU hI µ  Q S g S'=J0'Ò¬ J³ ¬ J$o2S~q2Se[
a Q S)q2SU Q  h ^ g µcq])n°nSUqo2 g SUpead h qEµ h ]Iqcb
( h ¬ JªÄpe°Sz] g b'=J )' Y ÀJ ª*(~¯<¨+(~¯ 
 = ØcÜ8IØ&-, ' #Iª:1n¯<¨Q1/. '  ª v 8¯M¨+' Y À ª v0'  Y ÀUª 8¯d¯ ª21  7¶¬  Y À#­ 3 1n¯ 
 ¾ìYXZ)[=\ 
Vz|  )Ç  8cÊ ÊÊ#Æ\Å	&°Ê
 }IÜ@Ü    2[\S g nS g [da)a Q ]Ia '#Iª 1{¯}¨ 1]Iq2o*T hng S h nS g ''Y ÀÀ ªÄv/'#Iª 1{¯d¯}¨ 'BY ÀÀ ª:1{¯}¨ 'ÒÀ#ª:1n¯  j$[>
[\^2T6Sq hI Sp h T`l h [dS   Y Àcb 6À#µa Q SUq g SUpz]I  g\h T a Q So2S~q2ad h q h ¬  a Q ]Ia6]*{S g adSe_Ä]I8SUSUo   Y À°q   Y À[ g Sel2Ä]IpUSUo·cbÎa Q S adSUa g ]mo½  ¨   Y À #DE #.7  cÃ§q   «k qh a Q S g`hng o2[zµ SUa   '$¬  Y À ³
 
¬  8Sa Q S h qKS¥a h  h q2ST]Il2l2q2*o2S8q2SUoÎcb   ª~¯¨v  
ªN¢cq2pUSa Q S] gdgdhI Q S#]Io  ]I[°qK°a\Ä]Ibo2S~qKSUo h q§a Q S  ^2pUo2S#]mql2Ä]Iq2S{µ<q h adSa Q ]Iaa¼]mT h ^KqGa\[
a h []zbcq2 a Q ]ma   ]Ipead[ h qÍ¬  Y À]I[]¶o2Ä]Ia]Ia\ h q  a Q pUSUqcadS g 1 ]Iq2o g ]Ia\ h t{¯  !Seq2pUS  SQ ]znS§]I[ h '   ª*'  Y À#ª 8¯d¯¶¨ v '  Y ÀUª 8¯2^2aW' v'  Y ÀUª~¯¶¨ ' Á ª v 8¯ g S  g a\adSUq·°qCa Q S¶ hng T ''  ª v 8¯	¨$' Y À ª v0'  Y À#ª~¯\¯  
P Q Sp h T`l h ^2q2o[dp Q SeT6S g S#]mo2bo2S~q2Se[a Q S*,+-%
".+-%) p h q2q2SUpUa\ h q h 	]Iqcb{S g adSU_ h 
 
¬  µca Q ]Ia
[#µc]}nS g a\SU_Ä]I8SU°Seov [<p h q2qKSUpUadSeoa h a Q Sq2SU Q  h ^ g [	v :*V{µnv 4:t2µnv 4:  ¢ h a Q Sl g SUc h ^2[
[\a]Ia\SUT6SeqGa  @8S]Il2lK°SUo`a h p#] gdg b h ^2a a Q S h l2l h [\adS %+/,)+/L" p h q2qKSUpUad h q PMh SU_cl g SU[d[}a Q °[
¥]mpUaT h{g S l g SepU[dSUbcµc°Sea¾8S]mqGbo2 g SepUad h q`q6a Q S h{g o2S g SUo[dSUa)ªN´­~²¸Ì­~²<®)¯eµ@ª­
	¶­
	 ¯
¨ªdVnµtKµ{¯8S)a Q S[\SUa h ]I[d[ h pUÄ]IadSeoq2p g SeT6SUqcad[}]Iq2o 'a Q S h l2l h [dadSo2 g SUpUa\ h q h q[d^2p Q ]
 ]zba Q ]Ia 'JD'0¬ J³º¬ Jpz]Iq*o2S~q2Sa Q Sq2SU Q  h ^ g q*a Q So2 g SepUad h q ! h  ]Iqcb{S g adSe_ h ¬ J
ª pUS#] g °b  S Q ]znSY' 'BY ÀJ ¨  ' J ¯ 
}Ü~IÜ $$;2IÙ  Ç{Æ)Å28	 7*¬  Y Àª  1{¯'
 '  ªÄv 8¯<¨Îv  : 
 '  ªÄv 8¯	¨ vª  '  Y À#ª~¯\¯: 
 }IÜ@Ü    S$SU_2]IT`°qKSa Q SÄ]madadS g p#]m[dS{µKa Q S h a Q S g °[ a g cÄ]I   b P Q S hng SUT»]m h nSY'
 '  ªÄv 8¯	¨  '  ªÄv$ª  '  Y ÀUª 8¯d¯\¯
 Q Seq2pUSa Q S g Se[d^2a  
ÔKh{g °^2[\a g ]Iad h qEµ<£cq hI q2Ìa Q S  Q2h S`p h qc8{^ g ]Iad h q h  ¼Ánµ	SUa^2[SU_2]IT`°qKS  Q ]Ia6] g S6a Q SÌ²µ
´®]mq2o´*¸YqKSU Q  h ^ g [ h MnS g a\SU_v 1°q Âª [dSUS Ô   u{¯ '
	 'IÂ{ª v 1n¯M¨ vª 	 'nÁIªdV1{¯d¯:  ¨Îv :ÎV ¨¹V
 'mÂ{ªÄv 1{¯<¨Îv$ª  '{ÁIª\V1n¯d¯: 	 ¨v#u :t}¨ Iv
 'mÂ{ªÄv 1{¯<¨Îv$ª  '{ÁIª\V1n¯d¯: 	 ¨ÎvIV: }¨ +
 h q2[dS   ^2SeqGa\b  Spz]Iq h{g G]IqK/.eSa Q S}p h qKq2SUpUa\ h q g\h T]Iqcb6Se°SeT6SUqca#µnv `[]zbGµ h 
 
¬  Gb`[dl2ada\q2
®  qca h a QKg SUS)l8] g a\['
V  ]9,+-%
".+-%) ? ; h o¶p h q2qKSUpUad h qQ'v ¶[p h q2q2SepUadSUoa h a Q Sq2SU Q  h ^ g [v L:¹Vnµ<v  :Ct2µ
v  :U 
t  ]L%+/,)+/L" ? ; h o g Se{S g [dSUo*p h qKq2SUpUa\ h qN'<v `[ a Q S g S h{g Sp h q2qKSUpUadSeoÌa h a Q S)qKSU Q  h ^ g [
h q2S}p#]mqbGSUo` g\h Ta Q S)]I h {S g SUpe^ gdg SUq2pUS 
ëÄò EëÄú
  ÉKÊ}ÆUÆ\Ç{ÈEÉKÊÅ{Ë   Ç{Æ Å	Å
	Ê	 ÆdÅÒÉ"Ç







Ô {^ g S±y 'MSeqGa gdh °o]mq2o]Iqcadl h o8]I@l h qcad[
  ]; h o g q26[\^ gdg\h ^2q2oK°qK6v  ' h{g SU_2]IT`l2Sa Q SL%
"TGqKSU Q  h ^ g h a Q S  TGq2Se° Q  h ^ gh 
v `[ a Q S #"Tcq2SU Q  h ^ gh <v ]mq2o6[ h  h{g a QE
!$SUq2pUS®  °[  QKh bo2S~q2SUo[\q2pUS)v  Y À  VzN h oo2[ ih qcap h q2q2SUpead h q2[}] g Sa Q ^2[]Ip Q SUnSUo 
        
ÔKgdh Ta Q S Q Se_Ò]m h q~]I g SUl g SU[\SUqca]Ia\ h q h Ea Q S)] g\gdhI Q Sz]IoEµca[ Q2h ^2o68Spe°Sz] g a Q ]ma a Q S$pUSUqca g\h o91
Q ]m[Å2 : ÒÇzË{Å~{S g adpUSe[T6a Q ]Ia[zµ  Q2h [dS)o2[\a]IqKpUS)[ a Q So2Ä]IT6SeadS g T]ma a Q S)[\_§dp h{g qKS g [\ h a Q S
Q Se_Ò]m h qEµ2 h p#]Ia\SUo]Ia l h qcad[ B B$ µ  µ2¢K¢  µ2¢2¢  µ  µ B B  [ Q2hI q°q Ô   y  jÍ[ Q2h{g adSU[\a}l~]Ia Q
ª h{g d{S h oKSU[dpUc¯< g\h Ta Q SpeSUqca gdh o 1Ca h ]Iqcb]Iqcadl h o~]I2nS g a\SU_6T^K[da< h  hI¶h q2b NÈ	Ç oK g SUpUa\ h q2[
]mT h qK a Q S [\°_ h q2SU[	]m° hI SUo)cb)a Q Sa Q2g SeS{Seq2S g ]ma hng []mq2oa Q SU g qGnS g [\SU[  j g\h ^2 Q SU[\adT]mad h q h 
a Q SoK ]mT6SUa\S g p#]mqa Q ^K[E8Sn°nSUq)a Q2gdh ^2 Q ] {S h T6SUa g p	]Il2l gdh ]mp Q '@a h$g S#]mp Q  hng SU_2]IT`l2S<a Q S B B 
nS g a\SU_@µI g [da< h  hI a Q S q h{g a Q S g qo2 g SUpUa\ h q)^2qca\°ca Q S ~] g bcpUSUqca g S h ~a Q Sª S   ^2Ä]IadS g ]IÄ¯0a g Ä]Iq2n°S  T
B B T B B  µ#a Q SUq} h  hI a Q Sq h{g a Q S#]m[da\S g qo2 g SUpUad h q)^2qcad{oKSU[da\°q8]Iad h q  ¢cq2pUS] T6Seo2Ä]Iq[ Q ]m K]
^2qK°oK g SUpUa\ h q~]I8pUbcpUS h ESUq2{a Q t  µca Q ^2[a Q SoK ]mT6SUa\S g [	pU h [dSa h t  ÁÂ t  Y À ¨ ÁÂ ´  ! hI SU{S g µ
]*a Q2h{g\h ^2 Q p h T6lK^2a]mad h q h a Q So2Ä]IT`SUadS g a]I£{S]mq h a Q S g l8]Ia Q p h T6l h [\SUo h ±p h qc{SUqK°SeqGa
[\^22l~]ma Q [} h  hI °qKa Q S g SUpU^ g [d{S`[dp Q SUT`S8SU hI) a Q2h ^2a} h [d[ h  {Seq2S g ]m°a>bcµ  Spz]Iq*p QKhGh [dS
 h a Q ]Iqcadl h o~]I${S g adpUSU[ h )a Q SSe_Ò]mT6l2S[dq2peSÌa Q SÌ] g\gdhI Q Sz]IoC°[nS g a\SU_n¥a g ]mq2[dadnS ¹k q a Q S
[\S   ^2SU>µ J ª 1 " P$" @¯	[\a]mq2o2[ h{g a Q S}pUSUqca g\h o h M]}[d^K~] g\gdhI Q S#]mo  J µ *[\a]mq2o2[ h{gh q2S B B 
]mqGa\l h o~]mGnS g a\SU_ h   °q   T  So h q h a<pUÄ]m°TÍa Q ]Ia [M^Kq2   ^KSYT]IqKo  J [	] hng oSU_cl g SU[d[\SUo
qadS g T6[ h 	{Seq2S g ]ma hng [  Q °p Q o2S8q2SU[q  J ])nS h o2SU[\°p± gdh T J a h  
 Ø  ¶	  nÊÇ#ËnÊ  >  UÆ\Ç
  NÇ UÅ :  	Ê°ÉKÊÆ\Ê)>cÆUÆ\Ê8>Ê)Æ\ÊÅ  ÄÇ
K
 # ¨@V  À ¨C¿ À
  ¨Ï¿ Á OÀ ¿0Y Á  OÁ   Y Á O
 ¾ìYXZ)[=\ 
Vzu  )Ç  8cÊ ÊÊ#Æ\Å	&°Ê
 }IÜ@Ü   P Q Sl gdhch [ h cG h ^2[$ h{g  	 t [ h S h pU^2[ h q¶a Q S`{SUqKS g ]mp#]m[dS  Sp h q2[\a g ^KpUa¼]
l~]ma Q  g\h T·[d^2pUpeSU[d[\°nS[\^22l~]ma Q [ #   ­   Y À:%dµ8#   Y Àz­   Y Á %dµ  µ # À#­  #*%¥µ  Q S g S0#  J2­  J Y À7%~oKSUq h a\SU[]`^2q2o2 g SUpUad h q~]I<[d^K2l~]Ia Q¶h SUqK{a Q t J Y À  g\h T¾pUSUqca gdh o¶a h peSUqca gdh oEµ8 h ° hI q26],[dS   ^2SUqKpUS h hng SUqca]mad h q2[]IadS g q~]Ia\q2} g\h Tq h{g a Q a h [ h ^2a Q S#]I[\a]Iq2o gdh T[ h ^2a Q S#]I[\aa h q h{g a Q µn°q[\^2p Q ]  ]zb
a Q ]Ia	a Q S [d^K~] g\gdhI Q S#]mo 0J  Q2h [\S  J}[<a Q S pUSeqGa gdh °o[\ad2q2pU^2o2Se[	a Q S nS g a\SU_$¶ªÄq2[\adS#]mo h @a Q S
Q Se_Ò]m h q~]I g SUl g SU[dSUqca]Iad h q h    µ{a Q S g S#]IoKS g T]zb$~q2oa Q S¢cS g l2q2[\£c¡>£{S h q2S$T h{g Sp h qc{SUqK°SeqGa
 hng °^2[\a g ]Iadq2a Q S)l gdhch U¯ <k qadS g T6[ h 	{Seq2S g ]ma hng [a Q ]Ia bcSUo2[a Q S g SUpU^ gdg Seq2pUS '
  ¨Ï¿ Á LÀ ¿ Á OÂ   Y Á O
¢cq2peS ¿mÀ#¿UÂ¨C¿0Y ÀÁ µIa Q Seq g S#] g\g ]IqK{q2a Q S adS g T6[Ó gdh TÍa Q Sl g SU[dSUqca]Iad h q  S h 2a]mq)a Q S gdg SUo2^2pU2Sg SUÄ]Iad h q h q6a Q S){S h oKSU[dp '
  ¨Ï¿ Á  OÀ ¿0Y Á  OÁ   Y Á O

 Ø  ¶    É2ÊË
ÄÅ Ê NÊ#Æ)Ç   UÅ    	Ê É2ÊÆdÊ)>cÆUÆdÊ8>Ê)ÆdÊ&°Å : Ç
K
# ¨ 1 À ¨¹V
  ¨   Y Á :t
 Y À O
 }IÜ@Ü   P Q SoK ]mT6SUa\S g °[ a Q S}SUq2{a Qh 	a Q S}nS h o2SU[dp  ¢ h µ2]m[] g SU[\^2a h   SeT6T] +  S Q ]z{S '
 #¨   #  ,À ¨  ÓÀ 
  ¨     ¨    Y Á  :§t #t  Y Á ¨   Y Á: t  Y À O

 = ØcÜ8IØ&   ÉKÊÅnÆUÆdÇnÈEÉ2ÊÅnË   É2Å%)Å6Ë
 ÅÊNÊ#Æ
  ¨ t 
  ´ EV h{g   ¨ t
  ´ :CV EÎV ª\V{V#¯
ËnÊ72ÊKË
  Ç2ÌÈ0É2Ê °ÉKÊ#ÆqN )Ê#ÊÇnÆ)Ç#ËnË 
 }IÜ@Ü  Yj$[d[\^2T6SSUnSUq P Q SUq g\h T  SUT6T]}u8'
Á*J±¨ ÁJ Y Á:t
Á*J Y À ªdV " P "  t ¯
 b[d^2T`T]Ia\ h q¼]mq2oSU°T`q~]Ia\ h q h MqcadS g T6SUoK ]madS$adS g T6[  S h 2a]mq'
  ¨
 O Y À
J  #
v J ¨ t #ðt
 EÎV)%
ëÄò EëÄú
  ÉKÊ}ÆUÆ\Ç{ÈEÉKÊÅ{Ë   Ç{Æ Å	Å
	Ê	 ÆdÅÒÉ"Ç
°ÉKÊ#Å°Ê  ÆÄË V#y
ª q h a\S)a Q ]ma a Q S}a\S g T  a Q q g ]mp£{SUa\[[oK°c[d2S$Gb{¯ 
j$[d[d^KT6S}q hI  h o2o <P Q SUq  gdh T  SUT`T]}u8'
Á*J 
0À¨ Á*J Y À
:§t Á*J ªdV " P$"  E Vt ¯











] ;adS g [ h T6Sada\S] g\g ]mq2{SUT`SUqcaª a Q SadS g T  a Q °q` g ]mp£{SUa\[[]I[ h o2c[d2ScbF{¯  
 S$pU h [\S)a Q S}[\ad^2o2b h 	a Q SoK ]mT6SUa\S g °a Q a h ^2[dS;^2 g SUÄ]Ia\ h q2[W'
}Ü~IÜ $$;2IÙ   #$¨Q1Å22Ë UÇ{Æ}Å
 	)q  1
   Y À :   ¨Ct  EÎV
   ¨  t   Y À;: V #*q  t   Y À #*q>V-V 




P Q [ l~]ml~S g °[ ]± g [\al g SU[dSUqca]Iad h q h Ma Q S] g\gdhI Q Sz]Io6a h{g ^2[d8µ~]q2S  °qca\S g p h q2q2SUpead h qa h l h  h {b
nSUq2S g ]IadSeo h q¶a Q S Q SU_2]z{]ISUqca} g o  ja QKh ^2 Q¶h q2Sp#]mq¶q h a\ ;bÌa\[ g ]ma Q S gQ  Q o2Ä]IT`SUadS g ]I[]
o g ]  ~]Ip£T ]6oK ]mT6SUa\S gh  g oKT  Q SUq¶p h T6l8] g Seo  a Q a Q S Q bGl8S g pU^28S{µ<a Q S6] gdg\hI Q S#]Io Q ]m[±]
 h ^2qKo2SUo§{]mSUq2pUS]I[] g o§]IqKo¶a Q S Q  Q SU[\a]I hI ]I2S{]ISUq2pUS h{g ]tnÐ g SU{^K ] g  g o  j$[¼]
 ]zbcSUb g ]Il Q µÓa Q Sa hng ^2[]m hI [ g SUpU^ g [d{Sp h q2[\a g ^KpUad h qK[¼]mq2o[ QKh ^2o*l gdh co2S)S)6pe°SeqGao2Go2S
]mq2oc>p h q   ^2S g [dp Q SUT`SU[ h{g qc hng T]mad h q*o2[d[\SUT6q~]mad h q k a°[6]m[ h nS g a\SU_n¥a g ]IqK[dad{S Q Seq2pUSÌ]m°g\h ^2a\S g [  °~S Q ]z{Sq ]"[dT6Ä] g} ]zb ¶ÔKgdh T p h qK[da g ^2pUa\ h q°a   ]ml2l~Sz] g ~q~]m°b¶]I[]" hch o
Q2h [da$ hng SUT8SUo2o2q2`[d^2c{]m°SeqGa$a h l h  h {SU[$°£nSa Q S^2[d^~]m	 g o  S Q2h l8Sa h6Q ]znS)l h qcadSUo h ^2a
a Q ]Iaa Q [£Gq2o h )q2SUa h{g £ h ^2o Q ]znS[dSUnS g ]mT6l h{g a]Iqca]mo2{]Iqca]I{Se[ g SUc] g oK°qKÌ[\°T`l2pUa>bGµ
[\p#]IÄ]IK°a>b]Iq2o"¥]m^2a>>a h S g ]Iq2peS);Sz]Iad^ g SU[]Iq2o*p h q2[dS   ^2SeqGa\bÌa Q ]Ia)a$T]zb~S6]` hGh o*p#]IqKo2o~]Ia\S
]m2Sa h T`l gdh nS)a Q Sl g SU[dSUqca{SUqKS g ]mad h q h   g °oÒ¥~]m[dSUo*q2SUa h{g £c[ P Q ^2[)]`a Q2hngdh ^2 Q [da\^2o2b h 
ad[ a h l h  h np#]I@l g\h l8S g a\SU[  @~S}l2^ g [d^KSUoÌSe°[\S  Q S g S{µ8q hng o2S g a h [ Q2hICQ2hI a Q S] g\gdhI Q S#]mo°[
nS g []IadS 
`	 MÜKÛ $NØ2Ý  ¶ØEI P Q S§]I^2a Q2h{g` ]mqcad[a h ]Ip£cq hI SUo2nSa Q S Ô2g SUq2p Q  gdh ]mo2p#]m[dadq2 gdh ^Kl
X , w  , XÍ]mq2o6[\l~SepUÄ]Ib Q ] g SU[Ð$SU h{g T6S  h{g a Q SU g$Q SUlc;^2E]m[d[\°[\a]mq2pUS 
 ¾ìYXZ)[=\ 
t21  )Ç  8cÊ ÊÊ#Æ\Å	&°Ê
  {}	+$
#°V%¢   j£nS g [zµ }  g [ Q q~]IT^ g a Q b '0j  gdh ^2lc>a Q S hng SUa\p T h o2SUm h{g [dbcT`T6SUa g p<°qca\S g p h q2q2SUpead h q
q2SUa h{g £c[ 2k  P<g ]mq2[   h T`l    ªÄvc¯}ªdV#ynu{yn¯ 323
3T2|{|
# t % B  °n{['<j$°nSU g ]Ip} g ]ml Q a Q S hng b 
 ]IT g °oK{S , qK° 2f<g SU[d[zµ @h qKo h q*ªdV#y2+Ivc¯
#  %w  ¢   Q SUqEµ    ¢ Q qEµcÐ  Ð  )]Iq2o2^ g '0joKo g SU[\[dq28µ gdh ^2adq28µ2]Iq2o` gdh ]Io2pz]I[da\q2q Q SU_2]z
 h q8]I8T6SU[ Q T^K°a\l gdh pUSU[\[ hng [ ck  P<g ]mq2[   h T6l    ª\V#¯}ªdVzy{y21{¯$V1T@V#u
# v%!  ¢  w   h _GSeadS g µ ·  ~ w h [dS g '  SUq2S g ]Ia h{g [}]Iq2o g SUÄ]Iad h q2[	 h{g o2[dp g SUa\S) g\h ^2l2[ 
¢cl g q2nS g µ  S g q ª\V#y23
+{¯ GÔKh ^ g a Q SUo  ªdVzy{u21{¯
# 3 % ¹ ~ Ð}]Ib' f S g  h{g T]mq2pUS)]Iq~]mbG[\[ h  Pnd] g b K¥pU^K~S)qcadS g p h q2q2SUpUa\ h qq2Sea hng £c[ 
k  P<g ]IqK[   h T6l  Ú   ªN|{¯}ª\V#y{y21{¯K+
+23TÒu23
# | %)j  Ð}]zc°[ '	w]zb ~b '>jÍ{Seq2S g ]m ¥l2^ g l h [dSnµ~[\p#]IÄ]m2S{µcl~] g ]ISU@l g\h peSU[d[\°qK] g p Q adSUpUa\^ g S 
~ @k ¢ f ]mq2o¢cbcT h °p h T6l2^Ka]Ia\ h q , ªdV {t{¯}ª\V#yny{t{¯
# + %)j  	 Ð}]zc°[zµ@¢  3 X h 2[ h q"' P Q S6] g p Q adSUpUa\^ g S h  a Q S Ô j k w`UV[\bcT h °p}T^2adl g\h pUSU[d[\q2
[dbc[da\SUT 2f<g\h p  ¥a Qk qca {h qca   h qc ch qj g a\¡8pUÄ]I k qcadSU{SUqKpUSªdV#ynu
3n¯ ntT nu
# u %Ð  Ð"ZSU[2ZS g ]m2SF'<jÍadS g T6q h  h {b± h{g tnÐC g o2[ f ^22p#]Ia\ h q°qca\S g q2S$qEu2{y k X k ¢ÒjÏX SUqKq2SU[  X]ml2l h{g ao2SX SUp Q S g p Q S k7B X k jq<t
mvG|ªdVzy{yIvc¯
# y % kU }gdh [d[dT]IqEµ ¹ w]m{qc^2[' }g\h ^2lK[]Iq2oa Q SU g  g ]ml Q [ 
B S  w]Ia Q SUT]Iadp#]m   g ] g b6q	@v~µ2X$]Iq2o h T ! h ^2[\S{µ B S  
 h{g £*ªdVzy{|Ivc¯
#V1 %  }g^2qc~]I^KTÌµ    ¢ Q SUl Q ] g o"' P q2{[ ]Iq2o`l~]Ia\adS g q2[ 
Ô2g SUSUT]mq   h~ µ B S  
 hng £ªdVzy{u2+{¯
#V{V% Ô !}] g ] g b ' }g ]ml Q a Q S h{g b 
jo2o2[ h qc  SU[dSUbcµcX S#]mo2q2~µ2w]m[d[]Ip Q ^2[dSUa\ad[ªdVzy{|ny{¯
#V#t %Ð  !$°[ ' P Q S h q2q2SepUad h qw]mp Q q2S 
w k>P fg SU[\[ªdVzy{u23{¯
#V % ¹ w]Inqc^2[#µcj  )] g\g ]I[\[#µ8Ð  ¢ h a] g '	 h TK°q8]Ia hng Ä]Ic gdh ^Kla Q S hng b 
k qGa\S g [\pUSUq2pUS f ^2K°[ Q S g [zµ nh{Q q  SUb  ¢ h q2[zµ B S  
 hng £*ªdV#yn|{|n¯
#VUv%  } w]Iq2oKSU gdh a' P Q S} g ]IpUa]I@{S h T6Sea g b h 	q~]Ia\^ g S Ô2g SUSUT]mq]mq2oS{µ8¢2]Iq ÔKg ]IqKpU[dp h ª\V#y{unt{¯
#V3 % ~ X$]Iada\q2S g ' P Q S q2S  ]InS h @[d^2l8S g p h T6lK^2adq2  Ð$°[\a g °K^2adSUowSUT h{g b) h T6l2^2a\q2~µ  SepUad^ g S
Bh a\SU[ q h T6lK^2adS g ¢cpUSUqKpUS
    ¢Òl g q2nS g  3 S g  ]mª\V#yny2V#¯$V)T2|
ëÄò EëÄú
  ÉKÊ}ÆUÆ\Ç{ÈEÉKÊÅ{Ë   Ç{Æ Å	Å
	Ê	 ÆdÅÒÉ"Ç
°ÉKÊ#Å°Ê  ÆÄË t2V
#V#| % ~ ~ X h adT]IqD' P Q S}a Q S h{g b h M gdh ^2l2[W'	]mqqca g\h o2^2pUa\ h q 
jbGq   ]Ip h q k q2p  µ h [\a h q¶ª\V#y{|23{¯
#V+ %
  ¢2]n]IoEµ2w  !  ¢cp Q ^K°a*.F' P<h l h  h np#]I2l gdh l8S g adSU[ h  Q bcl8S g pe^2~Se[ k  P<g ]IqK[   h T6l    ª +{¯}ª\V#y{unu{¯u{|2+T +KV
#V#u %  ¢2]IK°oK^2[d[\Y' 3 S g a\SU_n¥a g ]mq2[dadnS) g ]Il Q [ 
w h q~]mad[ Q S;a\S ^ g w]Ia Q SUT]Iad£   ª:3{¯}ª\V#yn|IvG¯vGtn|T8{u
#V#y %w  ¢cSUq2Sep Q ]I' P °q2a Q S}a hng ^2[}]Iq2o h a Q S g [\l~]IpeS} h{g T6[ 
Ð[\p g SUa\S h T`l2^2a  S h T   ªdVzy{u{un¯ 323T8+{t
#ðt
1 %¢  !  , qK{S g '<jÍp h T6l2^KadS g hng SUqcadSUoa hI ] g o[dl~]madÄ]I@l gdh K°SeT6[ 






Unité de recherche INRIA Lorraine, Technopôle de Nancy-Brabois, Campus scientifique,
615 rue du Jardin Botanique, BP 101, 54600 VILLERS LÈS NANCY
Unité de recherche INRIA Rennes, Irisa, Campus universitaire de Beaulieu, 35042 RENNES Cedex
Unité de recherche INRIA Rhône-Alpes, 46 avenue Félix Viallet, 38031 GRENOBLE Cedex 1
Unité de recherche INRIA Rocquencourt, Domaine de Voluceau, Rocquencourt, BP 105, 78153 LE CHESNAY Cedex
Unité de recherche INRIA Sophia-Antipolis, 2004 route des Lucioles, BP 93, 06902 SOPHIA-ANTIPOLIS Cedex
Éditeur
INRIA, Domaine de Voluceau, Rocquencourt, BP 105, 78153 LE CHESNAY Cedex (France)
ISSN 0249-6399
